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1.0 INTRODUCTION

Olympus Technical Services, Inc. (Olympus) has prepared this Sampling and Analytical Plan
(SAP) for the Montana Department of Environmental Quality (DEQ) under DEQ Contract No.
401026-TO16. The SAP presents the sampling approach for characterizing sediment in the
Stimson Cooling Pond (Site) and contains the Standard Operating Procedures (SOPs) for
conducting the field sampling activities. The SAP incorporates several components, including:
1) a project description that describes the site setting and data quality objectives; 2) the Field
Sampling Plan (FSP) that describes sampling procedures; 3) the Quality Assurance Project
Plan (QAP]jP) that describes quality assurance procedures for the field and laboratory data for
the project; and, 4) the Laboratory Analytical Plan (LAP).

20 PROJECT DESCRIPTION

The Site is located in Bonner, Missoula County, Montana, within Section 22, Township 13 North,
Range 18 West, Montana Principal Meridian at Latitude 47° 00’ 24.3"” North, Longitude 109° 20’
53.5” West, as shown on Figure 1. The Stimson Bonner Mill is a plywood manufacturing facility.
The cooling pond collects water from various sources at the Stimson Bonner Mill including,
boiler blow down water, yard runoff, and Non Contact Cooling Water (NCCW). The pond has
dimensions of approximately 470 feet by 75 feet and covers an area of approximately 33,000
square feet. The water depth is variable, ranging from an estimated 1 foot in the western
portion of the pond to more than 5 feet in the eastern portion of the pond. Water generally
enters the western end of the pond and is discharged to the Blackfoot River at an outfall located
near the eastern end.

The pond is located along the south bank of the Blackfoot River and, based on historical
photographs, was constructed in the former Blackfoot River channel. The focus of the Site
Characterization is to collect sediment samples from the pond and analyze the samples for a
wide variety of potential contaminants.

DEQ shall repair any damage to the Site to the extent such damage arises out of the Site
Characterization work performed by the DEQ and Olympus.

2.1 Project Objectives

The objective of the Site Characterization is to collect sufficient data to assess potential
contaminant distribution in the sediment. The data may be used to assess sediment handling

requirements should the pond need to be removed in the future. The data is needed for better
understanding the physical characteristics of the sediment.

2.2 Site Setting

221 Location and Topography

The Site is located in the Blackfoot River valley at an elevation of approximately 3,300 feet
above mean sea level. Regional geography is characterized by steep mountainous terrain with
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vertical relief of up to 3,000 feet. The Site lies on relatively flat terrain along the south bank of
the Blackfoot River. Based on historical photographs, the pond was constructed in the former
channel of the Blackfoot River. A dike separates the pond from the Blackfoot River and will
provide access to the pond for sample collection.

222 Surface Water Hydrology

The Site is located on the south bank of the Blackfoot River. The Blackfoot River drains an area
of approximately 2,290 square miles upstream from the Site and flows to the west in this area.
The Site is located approximately 5,580 feet upstream (east) of the confluence with the Clark
Fork River. The USGS Bonner gaging station is located approximately 5.5 miles upstream of
the Site on the Blackfoot River. Stream flow records at that station are available for the periods
of 1899 to 1905 and 1940 to present and they have ranged from approximately 200 to 19,200
cubic feet per second.

223 Geology

The geology in the region has been summarized in a geologic map by Lewis (1998). The area
is characterized by folded and faulted sedimentary rocks of Pre-Cambrian age. The structures
are related to Sevier style thrust faults that trend northwest-southeast. The McNamara
Formation, Bonner Quartzite, Mount Shields Formation, and Shepard Formation of the Belt
Supergroup form the local bedrock at the Site. These formations are composed of interbedded
argillite, siltite, and quartzite. The bedrock is exposed on the north bank of the Blackfoot River
across from the Site. Quaternary age alluvial sediments and anthropogenic fill overlie the
bedrock at the Site.

224 Hydrogeology

Information regarding site hydrogeology was obtained from the Montana Bureau of Mines and
Geology (MBMG) Ground Water Information Center (GWIC). There are 183 GWIC registered
wells located within one mile of the Site. The nearest registered wells and their reported total
depth and static water level are shown on Figure 1. The well locations in GWIC are often
approximate and cannot be relied on without field checking. The maximum total depth of the
wells located within one mile of the Site is reported to be 240 feet below ground surface (BGS)
and the median total depth is reported to be 95 feet BGS. The maximum depth to static water
level of these wells is reported to be 118 feet BGS and the median depth to static water level is
reported to be 48 feet BGS. The minimum depth is reported as 0 feet for both total depth of well
and static water level; however, if no data are available it is reported as 0 and minimum depth
data is not reliable. GWIC provides drill logs for some of the wells within a 1 mile radius of the
Site; available logs indicate that the wells are completed in alluvial clay, sand and gravel.

Ground water quality data for one of the Stimson Lumber Company wells was obtained from
GWIC; a copy of the report is provided in Appendix A. The sample was collected on November
13, 2000, by MBMG staff and analyzed for major ions, trace elements, and basic water quality
parameters. The concentrations were compared to federal and state drinking water quality
standards on the table provided in Appendix A. The concentrations are below applicable water
quality standards.
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2.25 Land Use and Population

Surrounding land is used for commercial and residential purposes. The Stimson Lumber
Company operates a plywood plant locate to the south of the Site. The nearest residences are
located south of the Stimson Lumber Company property, approximately 1,000 feet southeast of
the pond.

2.2.6 Site Development History

Information regarding development of the Site was obtained from past and current Stimson
employees. The pond was built sometime after 1905 and before 1940. The pond used to be
periodically dredged. Works would also put logs in the pond before going to the de-barker and
this practice continued into the early 1970s.

3.0 FIELD SAMPLING PLAN

The field sampling plan addresses constituents of concern, identifies action levels for which field
sampling and analytical methods must achieve, describes sampling approaches for each
potential source area, and presents field sampling procedures. All field work will be conducted
under the guidance of a site-specific health and safety plan (Olympus 2006a).

3.1 Constituents of Concern

No sampling has been conducted of the sediments at the pond and no constituents of concern
have been identified. The pond has been used to cool boiler blow down water and as a basin
for yard runoff and NCCW. Because the history of discharge to the pond is not well
documented, a broad range of potential contaminants will be assessed. The groups of target
analytes include ph, Eh, total metals, volatile petroleum hydrocarbons (VPH), extractable
petroleum hydrocarbons (EPH), volatile organic compounds (VOCSs), semivolatile organic
compounds (SVOCs), and herbicides/pesticides. Selected samples may also be analyzed for
hazardous waste characteristics using the toxic characteristic leaching procedure. A list of
individual target analytes is provided in Table 1.

3.2 Data Quality Objectives

Data Quality Objectives (DQOs) have been developed to ensure that data collection is of the
correct type, quality, and quantity to support defensible Site decisions. DQO development was
conducted following the EPA seven-step process (EPA, 2000a).

3.2.1 Problem Statement

The Stimson Cooling Pond may require removal in the near future. The primary objective of this
study is to evaluate sediment quality conditions so that sediment handling requirements can be
assessed should the pond be removed. Insufficient data is currently available regarding
sediment quality and characterization. The project is being conducted by the DEQ with the
Stimson Lumber Company as a cooperating partner in that they are providing access to the
Site. The project is subject to a restricted schedule because it has the potential to be a time-
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critical constraint on the Milltown Dam Removal Project. Sediment sampling is scheduled for
the week of March 27, 2006. The final data summary report is due to the DEQ on May 5, 2006.

3.2.2 Decision Requirements

The primary study question addressed by this sampling program is whether there would be any
restriction on handling and disposition of the sediment based on the presence of contaminants if
the pond is removed. The most stringent restrictions could apply should the sediment be
classified as a Resource Conservation and Recovery Act (RCRA) hazardous waste and
sampling is needed to assess those characteristics. Other contaminants may also present
health or environmental threats that would require that the sediment be handled in a controlled
manner, be it disposal in a constructed repository or a municipal landfill.

3.2.3 Decision Inputs

Screening levels are used to evaluate the sediment quality relative to RCRA hazardous waste
classification and potential health threats associated with uncontrolled disposal of the sediment.
Screening levels have been established based on criteria regarding classification of wastes as
RCRA hazardous and potential health threats related to a wide range of contaminant types.
The screening levels presented here are not to be considered as cleanup goals, but as
concentrations at which further consideration is necessary. Development of screening levels
here ensures that appropriate analytical methods are used.

RCRA hazardous waste classification for materials from an unknown source is based on
whether the waste leaches specified contaminants above the EPA standard, or if the material is
flammable, reactive, or corrosive. The sediment quality will be assessed relative to RCRA
hazardous waste listing by using the toxic characteristic leaching procedure (TCLP) analysis for
metals, VOCs, SVOCs, pesticides, and herbicides, and the pH and reactivity analyses listed in
Table 1. The sediment will not be analyzed for the RCRA hazardous waste characteristic of
ignitability because the water-saturated environment precludes the potential for the sediment to
be considered ignitable. The analytical methods, practical quantitation limits (PQLs), and
regulatory standards are provided in Table 1. The selected methods have PQLSs which are
adequate for comparison to regulatory standards.

The potential for the sediment to contain contaminants that may pose health or environmental
threats during handling or disposal will be assessed by analyzing the sediment for a broad
range of organic and inorganic compounds for which regulatory levels or risk-based screening
levels have been developed. The classes of compounds which will be tested include petroleum
hydrocarbon compounds, VOCs, SVOCSs, herbicides, pesticides, and metals. Screening levels
are taken from risk-based concentrations developed by the DEQ and the U.S. Environmental
Protection Agency (EPA). The selected screening levels are summarized on Table 1 along with
the analytical method and PQLs. The source and basis for these screening levels are described
below.

The DEQ has calculated risk-based screening levels (RBSLs) for corrective action guidance for
petroleum releases (DEQ, 2003). The RBSLs are limited to petroleum hydrocarbon compounds
common to petroleum release sites. The RBSLs assess human health risk from direct contact
to the compounds in soil as well as leaching of those compounds to ground water. The RBSLs
will be used as the screening level for compounds for which they have been developed.

StimsonSAPdraftfinal pdf.doc Page 5 3/27/2006
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Table 1. Target Analyte List and Screening Levels

Target Analyte

Analytical Method

Practical Quantitation Limit

Screening Level

pH, Saturated Paste

ASA Mono. #9, Part 2, Method 29-3.5.2

0.01 Std. units

<2 or >12.5 RCRA

Eh, Saturated Paste

Standard Methods 2580B

Millivolts (+/- 10%)

NA

Volatile Petroleum Hydrocarbons

Mass. Method

Methyl t-butylether 0.03 mg/kg 0.1 mg/kg RBSL
Benzene 0.03 mg/kg 0.05 mg/kg RBSL
Toluene 0.05 mg/kg 10 mg/kg RBSL
Ethylbenzene 0.05 mg/kg 10 mg/kg RBSL
Xylenes 0.15 mg/kg 200 mg/kg RBSL
Naphthalene 0.25 mg/kg 9 mg/kg RBSL
Co to C1o Aromatics 1 mg/kg 8 mg/kg RBSL
Cs to Cg Aliphatics 5 mg/kg 100 mg/kg RBSL
Co to C4, Aliphatics 5 mg/kg 500 mg/kg RBSL
Total Purgeable Hydrocarbons 10 mg/kg 500 mg/kg RBSL
Total Extractable Hydrocarbons Screen Mass. Method 10 5,000 mg/kg RBSL
Extractable Petroleum Hydrocarbons Mass. Method
Co to Cyg Aliphatics 10 mg/kg 1,000 mg/kg RBSL
C1o to Cgg Aliphatics 10 mg/kg 5,000 mg/kg RBSL
C, to C,, Aromatics 10 mg/kg 100 mg/kg RBSL
Naphthalene 0.3 mg/kg 9 mg/kg RBSL
Acenaphthene 0.3 mg/kg 200 mg/kg RBSL
Fluorene 0.3 mg/kg 200 mg/kg RBSL
Anthracene 0.3 mg/kg 4,000 mg/kg RBSL
Fluoranthene 0.3 mg/kg 1,000 mg/kg RBSL
Pyrene 0.3 mg/kg 5,000 mg/kg RBSL
Benzo(a)Anthracene 0.3 mg/kg 10 mg/kg RBSL
Chrysene 0.3 mg/kg 1,000 mg/kg RBSL
Benzo(b)Fluoranthene 0.3 mg/kg 50 mg/kg RBSL
Benzo(a)Pyrene 0.33 mg/kg 3 mg/kg RBSL
Indeno(1,2,3-cd)Pyrene 0.33 mg/kg 10 mg/kg RBSL
Dibenzo(a,h)Anthracene 0.67 mg/kg 6 mg/kg RBSL
Benzo(g,h,i)Perylene 0.33 mg/kg NA
Benzo(k)Fluoranthene 0.3 mg/kg
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte

Analytical Method

Practical Quantitation Limit

Screening Level

Volatile Organic Compounds (VOCs)

SW 8260B

Acetone 0.5 mg/kg 14,000 mg/kg PRG
Acrylonitrile 0.5 mg/kg 0.21 mg/kg PRG
Benzene 0.05 mg/kg 0.1 mg/kg RBSL
Bromobenzene 0.05 mg/kg 28 mg/kg PRG
Bromochloromethane 0.05 mg/kg NA
Bromodichloromethane 0.05 mg/kg 0.82 mg/kg PRG
Bromoform 0.05 mg/kg 62 mg/kg PRG
Bromomethane 0.05 mg/kg 3.9 mg/kg PRG
n-Butylbenzene 0.05 mg/kg 240 mg/kg PRG
sec-Butylbenzene 0.05 mg/kg 220 mg/kg PRG
tert-Butylbenzene 0.05 mg/kg 390 mg/kg PRG
Carbon disulfide 0.05 mg/kg 360 mg/kg PRG
Carbon tetrachloride 0.05 mg/kg 0.25 mg/kg PRG
Chlorobenzene 0.05 mg/kg 150 mg/kg PRG
Dibromochloromethane 0.05 mg/kg 1.1 mg/kg PRG
Chloroethane 0.05 mg/kg 3 mg/kg PRG
Chloroform 0.05 mg/kg 0.22 mg/kg PRG
Chloromethane 0.05 mg/kg 47 mg/kg PRG
2-Chlorotoluene 0.05 mg/kg NA
4-Chlorotoluene 0.05 mg/kg NA
1,2-Dibromo-3-chloropropane 0.25 mg/kg 0.46 mg/kg PRG
1,2-Dibromoethane 0.05 mg/kg 0.032 mg/kg PRG
Dibromomethane 0.05 mg/kg NA
1,2-Dichlorobenzene 0.05 mg/kg 600 mg/kg PRG
1,3-Dichlorobenzene 0.05 mg/kg 530 mg/kg PRG
1,4-Dichlorobenzene 0.05 mg/kg 3.4 mg/kg PRG
t-1,4-Dichloro-2-butene 0.5 mg/kg 0.0079 mg/kg PRG
Dichlorodifluoromethane 0.05 mg/kg 94 mg/kg PRG
1,1-Dichloroethane 0.05 mg/kg 510 mg/kg PRG
1,2-Dichloroethane 0.05 mg/kg 0.28 mg/kg PRG
1,1-Dichloroethene 0.05 mg/kg 120 mg/kg PRG
cis-1,2-Dichloroethene 0.05 mg/kg 43 mg/kg PRG
trans-1,2-Dichloroethene 0.05 mg/kg 69 mg/kg PRG
1,2-Dichloropropane 0.05 mg/kg 0.34 mg/kg PRG
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte

| Analytical Method

Practical Quantitation Limit

Screening Level

Volatile Organic Compounds (VOCs), Continued

1,3-Dichloropropane 0.05 mg/kg 100 mg/kg PRG
2,2-Dichloropropane 0.05 mg/kg NA
1,1-Dichloropropene 0.05 mg/kg NA
cis-1,3-Dichloropropene 0.05 mg/kg 0.78 mg/kg PRG
trans-1,3-Dichloropropene 0.05 mg/kg 0.78 mg/kg PRG
Ethylbenzene 0.05 mg/kg 10 mg/kg RBSL
Ethylmethacrylate 0.05 mg/kg 140 mg/kg PRG
Hexachlorobutadiene 0.05 mg/kg 6.2 mg/kg PRG
2-Hexanone 0.25 mg/kg NA

lodomethane 0.25 mg/kg NA
Isopropylbenzene (Cumene) 0.05 mg/kg 570 mg/kg PRG
Isopropyltoluene 0.05 mg/kg NA

Methyl-t-butyl ether 0.05 mg/kg 0.1 mg/kg RBSL
Methyl ethyl ketone 0.25 mg/kg 22,000 mg/kg PRG
Methyl isobutyl ketone 0.25 mg/kg 5,300 mg/kg PRG
Methylene chloride 0.25 mg/kg 9.1 mg/kg PRG
Naphthalene 0.05 mg/kg 9 mg/kg RBSL
n-Propylbenzene 0.05 mg/kg 240 mg/kg RBSL
Styrene 0.05 mg/kg 1700 mg/kg PRG
Tetrachloroethene 0.05 mg/kg 0.48 mg/kg PRG
1,1,1,2-Tetrachloroethane 0.05 mg/kg 3.2 mg/kg PRG
1,1,2,2-Tetrachloroethane 0.05 mg/kg 0.41 mg/kg PRG
1,2,3-Trichlorobenzene 0.05 mg/kg NA
1,2,4-Trichlorobenzene 0.05 mg/kg 62 mg/kg PRG
1,1,1-Trichloroethane 0.05 mg/kg 1,200 mg/kg PRG
1,1,2-Trichloroethane 0.05 mg/kg 0.73 mg/kg PRG
Trichloroethene 0.05 mg/kg 0.053 mg/kg PRG
Trichlorofluoromethane 0.05 mg/kg 390 mg/kg PRG
1,2,3-Trichloropropane 0.05 mg/kg 71 mg/kg PRG
1,2,4-Trimethylbenzene 0.05 mg/kg 52 mg/kg PRG
1,3,5-Trimethylbenzene 0.05 mg/kg 21 mg/kg PRG
Toluene 0.05 mg/kg 10 mg/kg RBSL
Vinyl Acetate 0.25 mg/kg 430 mg/kg PRG
Vinyl Chloride 0.05 mg/kg 0.079 mg/kg PRG
Xylenes 0.15 mg/kg 200 mg/kg PRG
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte

Analytical Method

Practical Quantitation Limit

Screening Level

Semivolatile Organic Compounds
(SVOCs)

SW 8270

Acid Extractables

4-Chloro-3-methylphenol 0.1 mg/kg NA
2-Chlorophenol 0.1 mg/kg 63 mg/kg PRG
Total Cresols 0.1 mg/kg NA
2-Methylphenol 0.1 mg/kg 3,100 mg/kg PRG
4-Methylphenol 0.1 mg/kg 310 mg/kg PRG
2,4-Dichlorophenol 0.1 mg/kg 180 mg/kg PRG
2,4-Dimethylphenol 0.1 mg/kg 1,200 mg/kg PRG
4,6-Dinitro-2-methylphenol 0.2 mg/kg 6.1 mg/kg PRG
2,4-Dinitrophenol 1.0 mg/kg 120 mg/kg PRG
2-Nitrophenol 0.1 mg/kg NA
4-Nitrophenol 0.1 mg/kg NA
Pentachlorophenol 0.2 mg/kg 3 mg/kg PRG
Phenol 0.1 mg/kg 18,000 mg/kg PRG
2,4,5-Trichlorophenol 0.1 mg/kg 6,100 mg/kg PRG
2,4,6-Trichlorophenol 0.1 mg/kg 6.1 mg/kg PRG
Base Neutral Extractables
Acenaphthene 0.1 mg/kg 200 mg/kg RBSL
Acenaphthylene 0.1 mg/kg NA
Anthracene 0.1 mg/kg 4,000 mg/kg RBSL
Benzo(a)anthracene 0.1 mg/kg 10 mg/kg RBSL
Benzo(b)fluoranthene 0.1 mg/kg 50 mg/kg
Benzo(k)fluoranthene 0.1 mg/kg 500 mg/kg
Benzo(g,h,i)perylene 0.1 mg/kg NA
Benzo(a)Pyrene 0.1 mg/kg 3 mg/kg RBSL
Benzoic acid 0.2 mg/kg 100,000 mg/kg PRG
Benzyl alcohol 0.1 mg/kg 18,000 mg/kg PRG
Bis(2-chloroethoxy)methane 0.1 mg/kg NA
Bis(2-chloroethyl)ether 0.2 mg/kg 0.22 mg/kg PRG
Bis(2-chloroisopropyl)ether 0.1 mg/kg 2.9 mg/kg PRG
Bis(2-ethylhexyl)phthalate 0.2 mg/kg 35 mg/kg PRG
4-Bromopheylphenylether 0.1 mg/kg NA
Butyl benzyl phthalate 0.1 mg/kg 12,000 mg/kg PRG
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte | Analytical Method

Practical Quantitation Limit

Screening Level

SVOCs Base Neutral Extractables, Continued

Carbazole 0.1 mg/kg 24 mg/kg PRG
4-Chloroaniline 0.5 mg/kg 240 mg/kg PRG
2-Chloronaphthalene 0.1 mg/kg 4,900 mg/kg PRG
4-Chlorophenyl-phenylether 0.1 mg/kg NA

Chrysene 0.1 mg/kg 1,000 mg/kg RBSL
Di-n-buyl phthalate 0.1 mg/kg 6,100 mg/kg PRG
Di-n-octyl phthalate 0.1 mg/kg 2,400 mg/kg PRG
Dibenzo(a,h)Anthracene 0.1 mg/kg 6 mg/kg RBSL
Dibenzofuran 0.1 mg/kg 150 mg/kg PRG
1,2-Dichlorobenzene 0.1 mg/kg 600 mg/kg PRG
1,3-Dichlorobenzene 0.1 mg/kg 530 mg/kg PRG
1,4-Dichlorobenzene 0.1 mg/kg 3.4 mg/kg PRG
3,3-Dichlorobenzidene 0.5 mg/kg 1.1 mg/kg PRG
Diethyl phthalate 0.1 mg/kg 49,000 mg/kg PRG
Dimethyl phthalate 0.1 mg/kg 100,000 mg/kg PRG
2,4-Dinitirotoluene 0.1 mg/kg 120 mg/kg PRG
2,6-Dinitrotoluene 0.1 mg/kg 61 mg/kg PRG
Fluorene 0.1 mg/kg 200 mg/kg RBSL
Fluoranthene 0.1 mg/kg 1,000 mg/kg RBSL
Hexachlorobenzene 0.2 mg/kg 0.3 mg/kg PRG
Hexachlorobutadiene 0.1 mg/kg 6.3 mg/kg PRG
Hexachlorocyclopentadiene 0.1 mg/kg 370 mg/kg PRG
Hexachloroethane 0.1 mg/kg 35 mg/kg PRG
Indeno(1,2,3-cd)pyrene 0.1 mg/kg 10 mg/kg RBSL
Isophorone 0.1 mg/kg 510 mg/kg PRG
2-Methylnaphthalene 0.1 mg/kg NA

Naphthalene 0.1 mg/kg 9 mg/kg RBSL
2-Nitroaniline 0.1 mg/kg 180 mg/kg PRG
3-Nitroaniline 0.33 mg/kg 18 mg/kg PRG
4-Nitroaniline 0.33 mg/kg 23 mg/kg PRG
Nitrobenzene 0.1 mg/kg 20 mg/kg PRG
N-Nitrosodi-n-propylamine 0.1 mg/kg 0.069 mg/kg PRG
N-Nitrosodimethylamine 0.1 mg/kg 0.0095 mg/kg PRG
N-Nitrosodiphenylamine 0.2 mg/kg 99 mg/kg PRG
Phenanthrene 0.1 mg/kg NA
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte | Analytical Method

Practical Quantitation Limit | Screening Level

SVOCs Base Neutral Extractables, Continued

Pyrene 0.1 mg/kg 5,000 mg/kg RBSL
Pyridine 0.2 mg/kg 61 mg/kg PRG
1,2,4-Trichlorobenzene 0.1 mg/kg 62 mg/kg PRG
Organochlorine Pesticides SW 8081A
4,4'-DDD 0.007 mg/kg 2.4 mg/kg PRG
4,4'-DDE 0.007 mg/kg 1.7 mg/kg PRG
4,4-DDT 0.007 mg/kg 1.7 mg/kg PRG
alpha-BHC 0.003 mg/kg NA
beta-BHC 0.003 mg/kg NA
delta-BHC 0.003 mg/kg NA
alpha-Chlordane 0.003 mg/kg 1.6 mg/kg PRG
gamma-Chlordane 0.003 mg/kg 1.6 mg/kg PRG
Aldrin 0.003 mg/kg 0.029 mg/kg PRG
Dieldrin 0.007 mg/kg 0.03 mg/kg PRG
Endosulfan | 0.003 mg/kg 370 mg/kg PRG
Endosulfan I 0.007 mg/kg 370 mg/kg PRG
Endosulfan sulfate 0.007 mg/kg NA
Endrin 0.007 mg/kg 18 mg/kg PRG
Endrin Aldehyde 0.007 mg/kg NA
Heptachlor 0.003 mg/kg 0.11 mg/kg PRG
Heptachlor epoxide 0.003 mg/kg 0.053 mg/kg PRG
Lindane (gamma-BHC) 0.003 mg/kg NA
Methoxychlor 0.033 mg/kg 310 mg/kg PRG
Toxaphene 0.066 mg/kg 0.44 mg/kg PRG
PCBs SW 8082
Aroclor-1016 0.033 mg/kg 0.11 mg/kg PRG
Aroclor-1221 0.033 mg/kg 0.11 mg/kg PRG
Aroclor-1232 0.033 mg/kg 0.11 mg/kg PRG
Aroclor-1242 0.033 mg/kg 0.11 mg/kg PRG
Aroclor-1248 0.033 mg/kg 0.11 mg/kg PRG
Aroclor-1254 0.033 mg/kg 0.11 mg/kg PRG
Aroclor-1260 0.033 mg/kg 0.11 mg/kg PRG
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte

Analytical Method

Practical Quantitation Limit

Screening Level

Chlorinated Herbicides SW 8151A
2,4-D 0.05 mg/kg 690 mg/kg PRG
2,4,5-T 0.02 mg/kg 610 mg/kg PRG
2,4,5-TP 0.1 mg/kg 490 mg/kg PRG
2,4-DB 0.1 mg/kg 490 mg/kg PRG
Dalapon 0.1 mg/kg 1,800 mg/kg PRG
Dichlorprop 0.15 mg/kg NA
Dinoseb 0.1 mg/kg 61 mg/kg PRG
Dicamba 0.02 mg/kg 1,800 mg/kg PRG
MCPA 20 mg/kg 31 mg/kg PRG
MCPP 10 mg/kg 61 mg/kg PRG
Pentachlorophenol 0.01 mg/kg 3 mg/kg PRG
Picloram 0.02 mg/kg 4,300 mg/kg PRG

Total Metals
Aluminum SW 6010B 20 mg/kg 76,000 mg/kg PRG
Antimony SW 6010B 10 mg/kg 31 mg/kg PRG
Arsenic SW 6010B 10 mg/kg 40 mg/kg DEQ
Barium SW 6010B 10 mg/kg 5,400 mg/kg PRG
Beryllium SW 6010B 2 mg/kg 150 mg/kg PRG
Cadmium SW 6010B 2 mg/kg 37 mg/kg PRG
Chromium SW 6010B 10 mg/kg 210 mg/kg PRG
Cobalt SW 6010B 10 mg/kg 900 mg/kg PRG
Copper SW 6010B 10 mg/kg 3,100 mg/kg PRG
Iron SW 6010B 100 mg/kg 23,000 mg/kg PRG
Lead SW 6010B 10 mg/kg 400 mg/kg PRG
Manganese SW 6010B 5 mg/kg 1,800 mg/kg PRG
Mercury SW 7471B 0.2 mg/kg 23 mg/kg PRG
Molybdenum SW 6010B 10 mg/kg 390 mg/kg PRG
Nickel SW 6010B 10 mg/kg 1,600 mg/kg PRG
Selenium SW 6010B 10 mg/kg 390 mg/kg PRG
Silver SW 6010B 10 mg/kg 390 mg/kg PRG
Thallium SW 6020 5 mg/kg 5.2 mg/kg PRG
Vanadium SW 6010B 10 mg/kg 78 mg/kg PRG
Zinc SW 6010B 10 mg/kg 23,000 mg/kg PRG
Calcium SW 6010B 100 mg/kg NA
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte Analytical Method Practical Quantitation Limit | Screening Level
Total Metals, Continued
Magnesium SW 6010B 100 mg/kg NA
Sodium SW 6010B 100 mg/kg NA
Potassium SW 6010B 100 mg/kg NA
TCLP Metals SW 1311/SW 6010B/6020A
Arsenic 0.5 mgl/l 5.0 mg/l RCRA
Barium 0.2 mgl/l 100 mg/l RCRA
Cadmium 0.1 mgl/l 1.0 mg/l RCRA
Chromium 0.1 mgl/l 5.0 mg/l RCRA
Lead 0.5 mgl/l 5.0 mg/l RCRA
Mercury 0.001 mg/l 0.2 mg/l RCRA
Selenium 0.5 mg/l 1.0 mg/l RCRA
Silver 0.2 mgl/l 5.0 mg/l RCRA
TCLP Semivolatiles SW 1311/SW 8270C
1,4-Dichlorobenzene 0.04 mg/l 7.5 mg/l RCRA
2,4,5-Trichlorophenol 0.04 mg/l 400 mg/l RCRA
2,4,6-Trichlorophenol 0.04 mg/l 2 mg/l RCRA
2,4-Dinitrotoluene 0.04 mg/l 0.13 mg/l RCRA
Hexachlorobenzene 0.04 mg/l 0.13 mg/l RCRA
Hexachlorobutadiene 0.04 mg/l 0.5 mg/l RCRA
Hexachloroethane 0.04 mg/l 3.0 mg/l RCRA
Nitrobenzene 0.04 mg/l 2.0 mg/l RCRA
Pentachlorophenol 0.2 mgl/l 100 mg/l RCRA
Pyridine 0.2 mgl/l 5.0 mg/l RCRA
Total Cresols 0.04 mg/l 200 mg/l RCRA
TCLP Volatiles SW 1311/SW 8260B
1,1-Dichloroethene 0.005 mg/l 0.7 mg/l RCRA
1,2-Dichloroethane 0.005 mg/l 0.5 mg/l RCRA
1,4-Dichlorobenzene 0.005 mg/l 7.5 mg/l RCRA
Benzene 0.005 mg/l 0.5 mg/l RCRA
Carbon Tetrachloride 0.005 mg/l 0.5 mg/l RCRA
Chlorobenzene 0.005 mg/l 100 mg/l RCRA
Chloroform 0.005 mg/l 6 mg/l RCRA
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Table 1. Target Analyte List and Screening Levels, Continued

Target Analyte Analytical Method Practical Quantitation Limit | Screening Level
TCLP Metals, Continued
Methyl ethyl ketone 0.1 mgl/l 200 mg/l RCRA
Tetrachloroethene 0.005 mg/l 0.7 mg/l RCRA
Trichloroethene 0.005 mg/l 0.5 mg/l RCRA
Vinyl Chloride 0.005 mg/l 0.2 mg/l RCRA
TCLP Pesticides SW 1311/SW 8081A
Chlordane 0.01 mg/l 0.03 mg/l RCRA
Endrin 0.005 mg/l 0.02 mg/l RCRA
Heptachlor 0.002 mg/l 0.008 mg/l RCRA
Heptachlor epoxide 0.002 mg/l 0.008 mg/l RCRA
Lindane 0.05 mg/l 0.4 mg/l RCRA
Methoxychlor 0.5 mgl/l 10 mg/l RCRA
Toxaphene 0.1 mgl/l 0.5 mg/l RCRA
TCLP Herbicides SW 1311/SW 8151A
2,4-D 0.2 mgl/l 10 mg/l RCRA
2,4,5-TP 0.1 mg/l 1 mg/l RCRA

Notes: Screening levels are based on the following sources:
RBSL indicates DEQ Tier 1 Risk-Based Screening Level for subsurface soil <10 feet to ground water (DEQ, 2003)
DEQ indicates DEQ action level for arsenic in surface soil (DEQ, 2005)

PRG indicates EPA Region 9 Preliminary Remediation Goal for residential soil (EPA, 2004)

RCRA indicates regulatory limit for designation as RCRA hazardous waste
NA indicates screening level not available
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The DEQ (DEQ, 2005) has also established a baseline screening level for arsenic in soil
because it often occurs at concentrations above risk-based screening levels in Montana due to
natural mineralization (DEQ, 2005). The DEQ'’s action level for arsenic of 40 mg/kg will be used
as one of the screening level for this Site.

The EPA (EPA, 2004) has adopted preliminary remediation goals (PRGs) that are used as a
conservative screening level to assess whether contaminants may pose health or environmental
threats. The DEQ often uses PRGs as screening levels for compounds that do not have RBSLs
and they will be used in that capacity for this project. For this study and site, EPA Region 9
PRGs for residential soil will be referenced.

The practical quantitation limits (PQL) for dibromomethane, t-1, 4-Dichloro-2-butene, bis (2-
chloroethyl) ether, n-nitrosodi-n-propylamine, and n-nitrosodimethylamine exceed their
respective PRGs. For these compounds the PQL will serve as the screening level.

3.24 Study Boundaries

The study is restricted to sediments that have been deposited in the cooling pond since its
construction. The boundaries of the pond are well defined a levee that separates the pond from
the Blackfoot River and a steep bank that defines the southern limit of the pond. The pond has
dimensions of approximately 470 feet by 75 feet and covers an area of approximately 33,000
square feet. The water depth is variable, ranging from an estimated one foot in the western
portion of the pond to more than five feet in the eastern portion of the pond. Water generally
enters the southern end of the pond and is discharged to the Blackfoot River at an outfall
located near the northern end of the pond.

3.25 Decision Rule

Initial screening of the samples will be on a judgmental rather than statistical basis. The sample
results will be individually compared to screening levels for a preliminary assessment of
hazardous waste characterization listing. The results will also be individually compared to risk-
based screening levels. Any exceedances of the screening levels will be evaluated on a case-
by-case basis to identify potential restrictions on handling or disposal.

3.2.6 Decision Error Limits

Decision error limits are incorporated into section 4.2.

3.2.7 Sampling Plan

The objective of this sampling plan is to assess the chemical quality and physical characteristics
of sediment in the pond. Subsurface sediment samples will be collected at four locations in the
pond using a core drilling rig staged on a barge. Sample locations will be selected in the field
with the goal of assessing sediment at areas where different sources discharge to the pond and
near the pond outfall where a mix of all sediment sources is expected. Borings will be located in
the field using a combination of a hand-held global positioning system (GPS) receiver and
relative shore-line measurements.

StimsonSAPdraftfinal pdf.doc Page 15 3/27/2006



Stimson Cooling Pond Sampling and Analytical Plan Olympus Technical Services, Inc.

Borings will be advanced to a depth of either 28 feet below the water level in the pond or to the
point of drill rig refusal. Samples will be collected using decontaminated split-tube, Shelby tube,
or piston sampling devices, depending on sediment conditions. Continuous core samples will
be collected to the maximum extent practicable given sediment conditions and available sample
collection devices.

The core from each boring will be divided into up to five discrete samples. The samples will be
selected in the field based on observed sediment characteristics that indicate a change in
material. However, one sample from each boring will be collected from the bottom six inches of
the boring and one will be collected from the top one foot of the core.

3.2.8 Background Soil Sampling

The pond represents an artificial environment that receives sediment from sources at the
Stimson Lumber Company. The analytical results will be compared to EPA Region 9 PRG
screening levels rather than background chemistry.

3.3 Sampling Protocols

3.3.1 Field Procedures

All field activities will be conducted in accordance with the standard operating procedures
(SOPs) presented in Appendix B. The SOPs cover sampling methods; sample preservation;
custody, quality assurance/quality control (QA/QC) samples and procedures; equipment and
personnel decontamination; and sample designation and handling.

3.3.1.1 Equipment Decontamination

All equipment will be decontaminated before collection of each sample. Equipment
decontamination consists of a tap water rinse, a soap and tap water wash, a dilute nitric acid
(HNOg) rinse (10 parts distilled/deionized (DI) water to 1 part concentrated HNO3), and a DI
water rinse followed by air drying. All equipment will also be decontaminated before leaving the
site to prevent off-site transport of contaminants. Decontamination wastes will be disposed of at
locations on the pond banks such that drainage will return to the pond.

3.3.1.2 Sample Designation and Labeling

Split samples will be provided, upon verbal request in the field, to Stimson Lumber Company in
containers to be provided by DEQ and labeled by Olympus. A sample numbering system will be
used to identify the project site, the sample medium, and the specific sample location. The
sample identifier will be the boring number, the letter S will indicate that the sample media is
soil, and the specific sample location number will be sequentially assigned for each boring. For
example, the uppermost sample collected from boring B1 will be assigned sample number B1-
S-1.
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Sample locations will be carefully described in the field logbook and plotted on the site sketch.
All samples will be labeled in the field and will be documented with the date and time of sample
collection, the sample number, any preservatives used, analyses requested, and the sampler's
initials. A permanent marker will be used for labeling, and labels will be covered with clear tape
and sealed and tagged.

3.3.1.3 Sample Preservation and Handling

Samples will be preserved immediately upon sample collection, if applicable. Sample
preservation, containers, and holding times are listed in Table 2. All procedures strictly follow
the appropriate protocols.

All samples will be stored in coolers with ice. Chain-of-custody records will be kept with the
samples and custody seals will be placed on the coolers.

3.3.1.4 Documentation

All field sampling activities and non-sampling data collection will be recorded in the site log
book. The field team leader is responsible for recording information including weather
conditions, field crew members, visitors to the site, samples collected, the date and time of
sample collection, procedures used, any field data collected, and any deviations from this SAP.

3.3.1.5 Post-Sampling Activities

All personnel must go through decontamination procedures when leaving a contaminated area.
Personnel decontamination includes routine practices as well as emergency decontamination;
all procedures will follow EPA protocols. All measures will be taken to prevent the spread of
potentially hazardous materials to clean areas.

All potentially contaminated fluids, sampling equipment, and personal protective materials
generated on-site will be containerized and disposed of properly. All wastes will be managed
according to Office of Emergency and Remedial Response (OERR) Directive 9345.3-02
"Management of Investigation Derived Wastes During Site Inspections” (EPA, 1991).

All samples will be either hand-delivered or shipped via commercial carrier to the laboratories
under EPA chain-of-custody procedures. Samples will be shipped in coolers, which will be kept
cool with ice packs and insulated with appropriate packing material. Custody seals will protect
the integrity of the samples while in transit to the laboratory.

3.3.2 QA/QC Sampling

Quality assurance/quality control (QA/QC) samples to be collected will include field duplicates
and equipment rinsate blanks at a frequency of 1 per 20 natural samples collected. The QA/QC
samples will be analyzed for the same parameters as the natural samples.
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TABLE 2. SAMPLE PRESERVATION AND HOLDING TIMES AND ANALYTICAL METHODS AND DETECTION LIMITS

Analytical Sample Size/
Measurement Method (1) Preservation Holding Time Sample Container
ASA Mono. #9, Part 2, R . 50 gram/plastic or
pH Method 29-3.5.2 Store at 4°C Analyze as soon as possible glass
Eh Standard Methods 2580B Store at 4°C Analyze as soon as possible 50 gragﬂlg F;':‘St'c or
VPH Mass. Method Store at 4°C 7 days to extract, 28 to analysis 125 mililiter wide-
mouth glass
EPH & EPH Screen Mass. Method Store at 4°C 7 days to extract, 40 to analysis 125 milliliter wide-
mouth glass
VOCs SW 8260B Store at 4°C 14 days 125 milliliter wide-
mouth glass
SVOCs SW 8270C Store at 4°C 14 days to extract, 40 to analysis 125 millliter wide-
mouth glass
Organochlorine Pesticides SW 8081A Store at 4°C 14 days to extract, 40 to analysis 125 millliter wide-
mouth glass
PCBs SW 8082 Store at 4°C 14 days to extract, 40 to analysis L2 Milliliter wide-
mouth glass
Chlorinated Herbicides SW 8151A Store at 4°C 14 days to extract, 40 to analysis 125 millliter wide-
mouth glass
Total Metals SW 6010B/7471B Store at 4°C 6 months, 50 gram/plastic or
Hg 28 days glass
180 days to TCLP extract (28 days 500 arams/olastic or
TCLP Metals SW 1311/6010B/6020 Store at 4°C for Hg), 180 days extraction to grams’p

analysis (28 days for Hg)

glass

TCLP Volatiles

SW 1311/SW 8260B

Store at 4°C

14 days to TCLP extraction, 14 days
extraction to analysis

500 grams/plastic or

glass

TCLP Pesticides

SW 1311/SW 8081A

Store at 4°C

14 days to TCLP extraction, 7 days
TCLP extraction to method
extraction, 40 days method

extraction to analysis

500 grams/plastic or

glass

TCLP Herbicides

SW 1311/SW 8151A

Store at 4°C

14 days to TCLP extraction, 7 days
TCLP extraction to method
extraction, 40 days method

extraction to analysis

500 grams/plastic or

glass
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The duplicate sample will be generated by splitting a sample from one sampling location into
two samples. The duplicate sample checks the precision of sampling data.

The equipment rinsate blanks will be collected by pouring laboratory-supplied deionized water
through or over decontaminated sampling equipment into an appropriate container. The
equipment rinsate blanks test for cross contamination related to sampling procedures.

3.4 Reporting

An investigation report will be prepared that summarizes characterization activities, the
laboratory sample analyses, data verification, source volume estimates, and sample location
maps. The data will be reviewed and recommendations made for additional work, if needed.

35 Schedule

The field sampling is scheduled to occur the week of March 27, 2006. The field team will
generally comprise a field project manager. Laboratory analyses will be completed within a four
week period after completion of the field program. A draft Site investigation report will be
submitted to the DEQ within two weeks of receipt of analytical data.

40 QUALITY ASSURANCE PROJECT PLAN

Quality Assurance (QA) is defined as the integrated program for ensuring reliability of
monitoring and measurement data. The QA program requires the generation of a site or project
specific Quality Assurance Project Plan (QAPjP). This QAP]jP describes quality assurance for
the sediment characterization of the Stimson Cooling Pond.

The QAPjP addresses project management, quality assurance objectives, sampling procedures,
sample custody, equipment operation, analytical procedures, data reduction, corrective action
procedures, audit procedures, preventative maintenance, and references. Data quality
objectives regarding action levels are addressed in Section 3.2 and data quality objectives
specific to each sample area are addressed in Section 3.3.

4.1 Project Organization and Responsibilities

The members associated with the investigation at the Site are listed below with their titles and
responsibilities.

DEQ Project Officer — Keith Large

The DEQ Project Officer monitors the performance of the contractor. The DEQ reviews and
approves QA measures. The DEQ Project Officer consults with the Quality Assurance Manager
and Field Project Manager on any deficiencies and aids in the finalization of the resolution
action. The DEQ Project Officer will consult with the Stimson Lumber Company Overseer on all
matters.
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Stimson Lumber Company Overseer - John Chopot

The Stimson Overseer monitors the performance of the Contractor and reports any observed
deficiencies to the DEQ Project Officer or the Project Quality and Assurance Manager.

Project and Quality Assurance Manager — Alan Stine, Olympus

The Project Manager will be responsible for noting deficiencies and finalizing the resolution
action. The Quality Assurance Manager will be the leader of the data review, data validation,
and auditing requirements. The Quality Assurance Manager will be responsible for discovering
QA problems.

Laboratory Quality Assurance Manager - Subcontractor

The Laboratory Quality Assurance Manager is provided a copy of the LAP to ensure that
appropriate procedures are followed during sample analysis and data package preparation.

Field Team Members — Alan Stine and Fritz Durham, Olympus

Responsible for implementation of the sampling procedures, sample custody, field equipment
operation, maintenance, calibration, and standardization. Responsible for data management
including data base construction and data entry after data have been analyzed and validated.

Stimson Lumber Company Onsite Coordinator- Jerry Skillings

4.2 Quality Assurance Objectives

The ability of data to meet DQOs is evaluated with Data Quality Indicators (DQIs), including
precision, bias, accuracy, representativeness, comparability, completeness, and sensitivity. The
DQI methodologies for this project are presented in Table 3.

Table 3. Data Quality Indicators

DQI Definition Determination Methodologies
Precision The measure of agreement Use the same analytical
among repeated measurements  instrument/method to make repeated
of the same property under analyses on the same sample.

identical, or substantially similar ~ Acceptable RPDs for laboratory
conditions; calculated as relative  duplicates are 35% for solids and 20%

percent difference (RPD), for water.

calculated as.
_ (5-D) Split a sample or collect collocated
- m x1 samples in the field and submit both

for sample handling, preservation and
storage, and analytical
measurements. Acceptable RPDs for
field duplicates will be based on
subjective assessment.

where:
S = first sample
value (original); and
D =second
sample value duplicate.
Perfect precision would result in
0 percent RPD.
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Table 3. Data Quality Indicators, continued

DQI Definition

Determination Methodologies

Bias The systematic or persistent
distortion of a measurement
process that causes errors in
one direction.

Accuracy A measure of the overall
agreement of a measurement to
a known value; includes a
combination of random error
(precision) and systematic error
(bias) components of both
sampling and analytical
operations.

Representativeness A qualitative term that expresses
the degree to which data
accurately and precisely
represent a characteristic of a
population, parameter variations
at a sampling point, a process
condition, or an environmental
condition.

Comparability A qualitative term that expresses
the measure of confidence that
one data set can be compared to
another and can be combined
for the decision(s) to be made.

Completeness A measure of the amount of
valid data needed to be obtained
from a measurement system.

Use reference materials or analyze
spiked matrix samples. Acceptance
or rejection is based on the percent
recovery (% R) of the laboratory
matrix spike in each sample. For
example, perfect recovery would be
100% and an acceptable range would
be 75% to 125%. Acceptable bias
varies for the different analytical
methods and the specific analytical
method objectives will apply.

Use reference materials or analyze
spiked matrix samples. Acceptance
or rejection is based on the percent
recovery (% R) of the laboratory
matrix spike in each sample. For
example, perfect recovery would be
100% and an acceptable range would
be 75% to 125%. Acceptable
accuracy levels vary for the different
analytical methods and the specific
analytical method objectives will

apply.

Assess whether sample collection
activities in conformance with all
protocols outlined in the SOPs. The
field equipment rinsate samples and
are used to confirm that the
equipment decontamination and
sample handling have no effect on
sample results and reported data.

Compare sample collection and
handling methods, sample preparation
and analytical procedures, holding
times, stability issues, and QA
protocols.

Compare the number of valid
measurements completed with those
established by the task’s
performance/acceptance criteria. The
measurement goal will be 80%
completeness. This goal takes into
account the inability of any sediment
sampling method to achieve 100%
retrieval.
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Table 3, Cont’d. Data Quality Indicators, continued

DQI Definition Determination Methodologies

Sensitivity The capability of a method or Establish the minimum concentration
instrument to discriminate or attribute that can be measured by a
between measurement method (method detection limit) or by

responses representing different  a laboratory (quantitation limit) and
levels of the variable of interest.  compare to action levels. Applicable
PQLs are listed in Table 1.

4.3 Sampling Procedures

The representativeness and quality of data collected for an environmental study depends on
maintaining and following strict protocols for sampling activities. Detailed procedures for sample
collection and handling are specified and documented in the FSP (Section 3.4) and
corresponding SOPs (Appendix C).

431 Field Logbook

The field logbook is the written record of all data, observations, field equipment calibrations,
samples, and chain-of-custody. All entries will be in waterproof ink. Any mistakes will be lined
out with a single line and initialed by the person making the correction. At a minimum the entry
shall include:

purpose of sampling;

location and description of sampling point;
identification of sampling crew;

time and identification of any visitors to the site;
type, number, preservative, and volume of sample;
date and time of sampling;

sample identification on chain-of-custody;
identification and type of any QA/QC samples;
date and time of shipping;

weather;

field measurements; and,

any deviations from SOPs or Work Plan.

4.4 Sample Control, Documentation, and Shipping

The SOPs for sample handling, shipping, and related matters are discussed in Section 3.4.
Samples will be packaged and shipped according to the U.S. Department of Transportation
(DOT) and EPA regulations. The purpose of these procedures is to maintain the integrity of all
samples during collection, transportation, analysis, and reporting.

4.5 Field Quality Assurance/Quality Control Samples
The following types of quality assurance/quality control (QA/QC) samples will be collected in the

field and shipped to the lab. These samples will be shipped to the laboratory as blind QA/QC
samples, identified as if they are normal environmental samples.
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45.1 Field Duplicate

The field duplicates are split samples collected from the same sampling location identically and
consecutively over a minimum period of time. These samples are prepared by collecting an
aliquot of subdivided samples after appropriate mixing and homogenization has been
performed. Field duplicates can be provided to another party at their request (split sample).
Field duplicates will be collected at a minimum frequency of 1 per 20 samples for all media.
Field duplicates will be used to assess precision.

45.2 Equipment Rinsate Blank

An equipment rinsate blank consists of deionized water poured through decontaminated field
equipment. An equipment rinsate will be prepared at a minimum frequency of 1 per 20 samples
for all media. Equipment rinsate blanks will be used to assess representativeness and to verify
that decontamination of sampling equipment was complete.

453 Field Background

The field background samples provide local concentrations of analytes. The requirements for
sample collection procedures, collection conditions, and collection frequency are specified in the
FSP (Section 3.3.15).

4.6 Sample Custody

4.6.1 Chain-Of-Custody

A required part of any sampling and analytical program is the integrity of the sample from
collection to data reporting. This includes the ability to trace the possession and handling of
samples from the time of collection through analysis and final disposition. This documentation
of the sample's history is referred to as chain-of-custody (COC). A sample is considered to be
under a person's custody if it is in a person's physical possession, in view of the person after
taken possession, or secured by that person so that no one can tamper with the sample. The
components of the field COC (COC form, labels, and custody seals) and lab COC (COC record,
sample login/logout, sample storage records, and disposal records) are described in this
section.

4.6.2 Chain-Of-Custody Form

A COC form will be completed and accompany every sample. The form includes the following
information:

Project code;

Project name;
Samplers signature;
Sample identification;
Date sampled;

Time sampled;
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Preservatives;

Analysis requested;

Remarks;

Relinquishing signature, date, and time; and
Receiving signature, date, and time.

4.6.3 Sample Labels

Sample labels are necessary to prevent misidentification of samples. Self-adhesive labels are
used and include the following information:

Sample identification;
Sampler's initials;
Sampling date;
Sampling time; and
Preservative.

4.6.4 Custody Seals

Custody seals are used to detect unauthorized tampering with samples following sample
collection during shipment up to the time of analysis. Custody seals will be applied to the
shipping containers when the samples are released from the sampler's custody.

4.6.5 Laboratory Custody

Laboratory custody will conform to procedures established for the Contract Laboratory Program
(CLP). These procedures include:

e designation of sample custodian;

e correct completion of the COC form, recording of sample identification numbers, and
documentation of sample condition upon receipt;

e laboratory sample tracking and documentation procedures; and,

e secure sample storage.

The sample will be delivered to the lab for analysis in order to perform requested analyses
within the specified allowable holding times. The samples will be delivered to the person in the
lab who is authorized to receive samples (laboratory sample custodian).

4.7 Equipment Operation, Maintenance, Calibration, and Standardization

All field and lab equipment will be operated, maintained, calibrated, and standardized in
accordance with the EPA and manufacturer's recommended procedures. The SOPs (Appendix
C) contain the field equipment operation, maintenance, calibration, and standardization
procedures. The analytical method references contain the laboratory equipment operation,
maintenance, calibration, and standardization procedures.

StimsonSAPdraftfinal pdf.doc Page 24 3/27/2006



Stimson Cooling Pond Sampling and Analytical Plan Olympus Technical Services, Inc.

4.8 Analytical Procedures

The analytical methods to be used during the Site investigation are presented in Table 2.
Laboratory analysis of samples collected during the course of this study will be performed by
labs that have established protocols and QA procedures that meet or exceed EPA guidelines.
EPA approved methods will be used for all applicable parameters. The laboratory standards
which must be met for the project are outlined in the LAP (Section 5).

49 Data Reduction, Validation, Evaluation, and Reporting

49.1 Data Reduction

Data reduction is performed in the laboratory in conformance with the procedures outlined in the
applicable method references. When EPA methods are used, the applicable data reduction
procedures in the EPA method are used.

49.2 Data Validation

The primary data validation activities are performed by the laboratory during reduction of the
laboratory data. The laboratory will review all surrogate recoveries, method blank analyses and
matrix spike/matrix spike duplicate samples to verify that the analytical methods were properly
performed and that no machine contamination affected the sample results. If necessary, the
laboratory validation process will result in "result qualifiers” with the presented data. Table 4
presents result qualifiers that may be used. Olympus validates data by reviewing the laboratory
QA/QC data and verifying the completeness of the laboratory data validation process. Olympus
will also review the laboratory precision with the results of any duplicate samples submitted to
the laboratory as separate investigation samples. When applicable, data results presented with
result qualifiers will be reported as concentrations with "data qualifiers”. Data qualifiers are
derived from the "USEPA Contract Laboratory Program National Functional Guidelines
Inorganic Data Review," (EPA, 1994) and the “USEPA Contract Laboratory Program National
Functional Guidelines for Organic Data Review” (EPA, 1999).

TABLE 4. DATA QUALIFIERS

U - The material was analyzed for, but was not detected above the level of the associated
value. The associated value is either the sample quantitation limit or the sample
detection limit.

J - The associated value is an estimated quantity.

N - The analysis indicates the presence of an analyte for which there is presumptive
evidence to make a “tentative identification”.

UJ The analyte was not detected above the reported sample quantitation limit. However,
the reported quantitation limit is approximate and may or may not represent the actual
limit of quantitation necessary to accurately and precisely measure the analyte in the
sample.

R - The data are unusable. (Note: Analyte may or may not be present.)

Knowing the limitations of the data assists the data user when making interpretations. Data with
limitations are usable for evaluation as long as the limitations are considered.
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4.9.3 Data Evaluation

Data evaluation is performed in the office after data validation is complete. Data evaluation will
be conducted to assess the DQIs in regards to meeting the DQOs.

49.4 Data Reporting

Data reporting begins with transferring the validated analytical results and field measurements
to the computerized database. Olympus will use Microsoft Excel software for transferring data
to the DEQ. DEQ will use Microsoft Excel to transfer the data to Stimson lumber Company.
Data reporting continues with a printout of the analytical results and field measurements
database and the interpretation of the analytical results and field measurements. The QC
Summary Results, validation summaries, and computerized database will be presented to the
DEQ at the completion of the project.

410 Corrective Action Procedures

Lab equipment malfunctions are handled by the chemist according to the equipment
specifications and EPA analytical method specifications. Lab QC samples (calibration samples,
method blanks, matrix spike samples, laboratory control samples, and lab duplicates) will be
handled according to the EPA analytical method specifications.

411 Audit Procedures

An internal audit of all field procedures will be performed by the Quality Assurance Manager
prior to any field work. The internal audit will include a review of procedures selected for the
sampling program, a review of the QA/QC samples required, and a review of training
requirements. The lab is required to have written procedures addressing internal QA/QC.

An external audit of all field procedures will be performed at the discretion of the DEQ Project
Officer. External audit reports with recommended corrective action will be submitted by the
DEQ Project Officer to the Quality Assurance Manager and the Field Project Officer. The
Stimson Lumber Company may also request a copy from DEQ.

412 Preventative Maintenance

Preventative maintenance of equipment is essential if project resources are to be used in a cost
effective manner. Critical spare parts will be available in the field. These spare parts include
batteries, and film. The laboratory should have all necessary spare parts available for
instrument repair.

5.0 LABORATORY ANALYTICAL PLAN

This Laboratory Analytical Plan (LAP) describes laboratory requirements for analysis of samples
collected during the reclamation investigation. Analysis of solids (paint, concrete, soil, and
wipes) and water will be conducted. All laboratory analytical work will follow the requirements
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listed in this document for the duration of the project. The LAP contains sections describing
laboratory requirements, quality assurance requirements, and analytical methods.

5.1 Laboratory Requirements

Laboratories will be contracted through DEQ. All laboratories contracted for the project will be
supplied with this document and will be required to meet the baseline data quality requirements
outlined for the project in this document. All analyses performed by the project laboratories will
follow the analytical methods listed in Table 2.

5.1.1 Qualifications and Experience

The laboratory shall have a rigorous and thorough internal Quality Assurance/Quality Control
(QA/QC) program that reviews and validates all data generated and reported for the project.
The QA/QC plan should be available in a written format that reviews the processes and
designates key QA individuals by name and defines their responsibilities. The plan should
include strict internal sample custody procedures from the time of sample receipt. The plan
shall provide details for identifying out of control laboratory analyses and corrective actions for
these conditions. The laboratory shall have a set of internal standard operating procedures
(SOPs) that outline the laboratory analytical methodologies derived from USEPA reference
methods and provide the methods of data reduction to determine the reported concentrations.
The laboratory must also provide storage of all raw data for a period of at least two years after
completion of the analyses.

5.1.2 Subcontracting

If necessary, subcontracting portions of this work by the primary laboratories is acceptable for
special analyses. However, the need for any subcontracting must be approved by both the
DEQ Project Officer and the Olympus Project Manager. All laboratories involved in this project
must abide by the LAP and the QAPjP (Section 4). Sample custody procedures must be
maintained with any subcontracted analyses. Olympus will generally send samples directly to
laboratories that will provide the required analyses.

5.1.3 Confidentiality

The analytical results will be treated as strictly confidential and should not be discussed with any
persons other than the Stimson Lumber Company Overseer unless identified by the Olympus
Project Manager or approved by both the DEQ Project Officer and the Stimson Lumber
Company Overseer.

514 Reporting Times
The analytical results will be reported within 20 working days of sample receipt by the

laboratory. When possible, the sample holding, preparation, analysis and reporting times
should be minimized.
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5.1.5 Reporting Format

The data analyses will be performed in conformance with EPA methods referenced in Table 2.
While the analyses are performed at Analytical Support Level (ASL) IV, the reporting package
will be delivered with standard ASL 11l information to reduce the overall project costs and
amount of paper generated. However, the project laboratory must maintain all raw data,
including internal QA/QC data, to support generation of the Contract Laboratory Program (CLP)
ASL IV data package, if requested. The laboratory must save the data for a minimum of two
years following completion of the analyses. Prior to disposal of any archived data, the
laboratory should contact Olympus, DEQ, and Stimson Lumber Company and obtain written
permission to determine the final disposition of the data support material.

The data support package provided as a deliverable will include the following:
1. Cover letter documenting analytical protocols used.

2. Copies of completed chain-of-custody forms.

3. Cross-reference table of contractor and laboratory ID numbers.

4. Data summary tables (hard copy and magnetic media in format to be negotiated between
Olympus and the laboratory).

5. QA/Quality Control (QC) Summaries including Laboratory Control Samples (LCS), spikes,
duplicates, and preparation blank results.

5.1.6 Report Transmittal

All data reporting deliverables are to be sent directly to Olympus Technical Services, Inc., 765
Colleen, Helena, Montana 59601, in care of Mr. Alan Stine, Project Manager.

5.2 Quiality Assurance Requirements

The external mechanism used to monitor the precision and accuracy of laboratory analyses to
generate environmental data is the analysis of field and laboratory quality control (QC) samples.
The required field QC types and frequency are provided in the QAPjP (Section 4). Laboratory
QC requirements include method blanks, duplicates, laboratory control samples, matrix spike
(MS) and matrix spike duplicate (MSD) samples. The QC requirements are to be performed 1
per 20 samples. The ranges for precision (duplicates) and accuracy (matrix spikes)
acceptability are presented in the QAP]P (Section 4). The method blank should have a reported
value at the method detection limit.

Calibration procedures and sample preparation procedures are part of the analytical methods
listed in Table 2. The calibration procedures should be documented in a calibration logbook for
each machine. Any laboratory QA/QC performance audits will be initiated by the DEQ project
officer. No audits are currently scheduled to be performed for this project.

If a dilution is necessary, both the original and dilution result must be delivered. Appropriate
clean-up procedures must be followed to minimize matrix effects on detection limits.
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5.3 Analytical Methods and Sample Custody

Analytical methods are summarized in Table 2. The project laboratories should contact the
Project Manager, Mr. Alan Stine or the DEQ Project Officer, Mr. Keith Large for permission to
deviate from the listed analytical methods for any of the project analyses. All such deviations
shall be reported to Stimson Lumber Company.

5.3.1 Analytical Detection Limits

All instrumentation utilized for the project must be sensitive enough to meet the required
detection limits to meet the data quality objectives defined in Section 3.2 and Table 2.

5.3.2 Sample Storage Requirements

The contracted laboratory is required to have a secured sample bank for storage of samples,
digestates, and extracts. Original samples will be stored in the sample bank for a standard six
month interval. All other forms of the sample to be analyzed will be stored in this area for the
standard six month interval after analysis or to the end of the analyte holding time, whichever
comes first. The sample storage must be maintained to provide Olympus with time to review
data and request re-analysis, if necessary. At the end of six months time, the laboratory will be
responsible for sample disposal.

5.3.3 Laboratory Internal Chain of Custody

A sample is physical evidence collected from a facility or from the environment representative of
site conditions. An essential part of hazardous waste investigations is that samples and data
results may be used as evidence in legal proceedings.

Laboratories performing analyses will use document control and chain-of-custody procedures as
specified by the appropriate analytical method.

5.34 Sample Stream

In accordance with EPA procedures, field QC samples (duplicates, blanks, and equipment
rinsates) will be treated in the same manner as the standard samples. This provides external
QC checks of laboratory data results.

6.0 REFERENCES

DEQ, 2003, Montana Tier 1 Risk Based Corrective Action Guidance for Petroleum Releases

DEQ, 2005, Remediation Division Action Level for Arsenic in Soil

EPA, 1994, USEPA contract laboratory program national functional guidelines for inorganic data
review. EPA 540/R-94/013.

EPA, 1996, Soil screening guidance: user’s guide. Publication 9355.4-23
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EPA, 2000, Guidance for the Data Quality Objectives Process. EPA QA/G-4, EPA/600/R-
96/055.
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APPENDIX A

MBMG WATER QUALITY DATA
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Drinking water limits are based on U.S. Environmental Protection Agency primary and secondary standards for public water supplies {view
their standards). Stock water and frrigation water recommendations are from U.S. Department of Agriculture Natural Resources
Conservation Service water-quality guidelines, The guidelines are general and my vary depending on specific applications. Irrigation
guidelines are based on continuous krigation,

Sample Id|GWIC Id] Sample Date Site Name lLocation Site Tz_ge|
2001Q0975F 178544]11/14/2000 2:15:00 PMISTIMSON LUMBER COMPANY]13N 18W 22 BCAD WELL

Constituent This Sample | Drinking Water | Stock Water Iirigation Water
Calcium {Ca) 30.800 mg/L — —= e
Magnesium (Mg) 10.200 mg/L === 2,000 mg/L. -—|
Sodium (Na) 3.630 mg/L 250 mg/L {smcl] 2,000 majfl see SAR
Potassium (K) 1.090 mg/L — — —
Iron (Fe) <.005 mg/L]| 0.3 mg/L [smcl -— § e
Manganese (Mn) <.001 mg/L 0.05 mg/L fsmcl — 2.0 mg/l|
Silica {Si02) 10.600 mg/L — - -
Bicarbonate (HCO3)| 152.700 my/L] — — —
Carbonate !C03! 0.000 mg[l. ~— — —
Chloride (C1) 0.993 mg/L 250 mg/L [smel 1,500 mo/L —
Sulfate (SO4) 5.870 m.g/ L 250 mo/L [smcl 1,500 mg/L| b]
Nitrate (NO3 as N} 0.336 mg/L 100 mg/fL —
Fluaride (F) <.05 mg/L 2 mg/lL -
Ortha-Phasphate {as P) <.05 mg/L — —
Aluminum {Al) <30 ug/L] 50-200 ug/L [smcl = 1,000 ug/L)
Antimony (Sbh) <2ug/L 6 ug/L [mcl] — —
Arsenic [As) 1.510 ug/L 10 ug/L {mcl] 50 ug/L 100 ug/L
Barium (Ba)] 216.000 ug/L 2000 ug/i. [mcl] — —
Boran (B) <30 ug/L - —| —
Cadmium {Cd) <2ug/L 5 ug/L fmc] 10 ug/L. 5 ug/L|
Chromium {Cr) 2.710 ug/L 100 ug/L [mcl] 1,000 ug/L 100 ug/L
' Cohalt {€Co) <2 ug/L — 1,000 ug/L| 50 ug/L
Copper ‘Cuz 2.420ug/L 1,300 ug/L. fmcl 500 ugjL 200 ug/L
Lead (Phb) 2.360 ug/L 15 ug/L [mel 50 ugjL 5,000 ug/L
Lithium (Li) 4.610 ug/L — — 2,500 ug/L
Melybdenum {Ma) <10 ug/L — — 5 ugfl
Nicket (Ni) <2 ug/L — — 200 ug/L|
Phosphate (P) <.05 ug/L — — ---
Selenium (Se) <1 ug/L 50 ug/L [mdl] 50 ug/L 20 ug/L]
Silver (Ag) <1 ug/L 100 ug/L [smcl] — —
Strontium (Sr)] 100.000 ug/L — — -
Titanium (Ti){ <1ug/L] — — —
Vanadium (V)] <5 ug/L — --- —
Zinc (Zn) 18.300 uy/L 5,000 ug/l. [smclll 24,000 ug/L 2,000 ug/L;
Zircanium (Zr) <2 ug/fL — — —

Key: HR = No reading in GWIC; mg/L = milligrams per Liter; wg/L = micrograms per Liter; — = Currently no standard for this constituent; [b] = High
concentrations of sulfate may restrict calcium uptake by crops; [c] = Varies with crap, generally dissolved solids should be less than 2,000 mg/L
(equivalent. to specific conductance of about 2,000 to 3,000 micm_rnhas/cm); fd] = Dependent upon other variables such as type of clay in soil and salt
content of water. (See SAR); [mcl] = U.S. Environmental Protacton Agency maximum contaminant leve! or action level; revised October 13, 1999; [smd]
= LS. Environmental Protection Pagency maximum contaminant level or action level: revised October 13, 1998, This standard is based on aesthetic quality
of water (i.e. odor, color, etc.) and is not a health standard,



Montana Bureau of Mines and Geology
Ground-Water Information Center Site Report
ANACONDA FOREST PRODUCTS

Location Information

GWIC Id: 68166
Location (TRS): 13N 18W 22 BCB
County (MT): MISSOULA

DNRC Water Right:
PWS Id:
Block:
Lot:
Addition:

Well Construction and Performance Data

Total Depth (ft): 36.00

Static Water Level (ft): 36.00
Pumping Water Level (ft):

Yield (gpm): 200.00

Test Type:
Test Duration:
Drill Stem Setting (ft):
Recovery Water Level (ft):
Recovery Time (hrs):
Well Notes:

Hole Diameter Information

No Hole Diameter Records currently in GWIC,
Annular Seal Information

No Seal Records currently in GWIC,
Lithology Information
" No Lithology Records currently in GWIC.

1. Al diameters reported are inside diameter of the casing.

Plot this site on a topographjc nap

Source of Data: LOG
Latitude (dd): 46.8737
Longitude (dd): -113.8692
Geomethod: TRS-SEC
Datum: NAD27
Alttude (feet):
Certificate of Survey:
Type of Site: WELL

How Drilled: HAND DUG
Driller's Name:
Drilier License:
Completion Date (m/d/y): 1/1/1895
Special Conditions:
Is Well Flowing?:
Shut-In Pressure:
Geology/Aquifer: 111ALVM
Well/Water Use: DOMESTIC

Casing Informationl

No Casing Records currently in GWIC,
Completion Information?

No Completion Records currently in GWIC.

These data represent the contents of the GWIC databases at the Montana Bureay of Mines and Geology at the tme and date of the retrieval. The
information is considered unpublished and is subject to correction and review on a dally basis. The Bureau warrants the accurate transmission of the data to
the original end user. Retransmission of the data to other users is discouraged and the Bureau claims no responsibility if the material is retransmitted. Note:
non-reparted casing, completion, and lithalegic records may exist in paper files at GWIC,



information fs considered unpublished and is subject to correction and review on a daily basls. The Bureau warrants the accurate transmission of the data to

the original end user, Retransmission of the data to other users is discouraged and the Bureau daims no responsibility if the material is rebransmitted. Note:
non-reported casing, completion, and lithologic recards may exist In paper files at GWIC, :



Montana Bureau of Mines and Geology
Ground-Water Information Center Site Report
STIMSON LUMBER COMPANY

Location Information

GWIC Id: 178544
Location (TRS): 13N 18W 22 BCAD
County {MT}: MISSOULA
DNRC Water Right: W116473-00
PWS Id: 00467002
Block:
Lot:
Addition:

Well Construction and Performance Data

Total Depth (ft): 103.00
Static Water Level (ft): 48.00

Pumping Water Level (ft):

Yield {gpm): 500.00
Test Type:
Test Duration:
Drill Stem Setting (ft):
Recovery Water Level (ft):

Recovery Time (hrs): 0.00

Hole Diameter Information
Froml To |Diameter

0.0]103.0] 12.0

Annular Seal Information

No Seal Records currently in GWIC.

Lithology Information

From| To | Description
0.0] 40.0JGRAVEL AND BOULDERS VERY LITTLE CLAY
40.0] 45.0[FINE CLEAN GRAVEL AND LITTLE WATER
45.0] 50.0{GRAVEL AND BIG BOULDERS
50.0] 80.0]COARSE WASH GRAVEL AND WATER
80.0] 85.0]CLAY AND GRAVEL MIX
85.0| 90.0|COARSE WASH GRAVEL AND WATER
90.0} 95.0JTIGHT CLAY AND GRAVEL
95.0] 97.0}CLAY AND SAND
97.0]103.0COARSE CLEAN GRAVEL AND SAND - WATER

1 - All diameters reported are inside diameter of the casing.

Source of Data;

Latitude (dd):

Longitude (dd):
Geomethod:
Datumn:
Altitude {feat):

Certificate of Survey:

Type of Site:

How Drilled;
Driller's Name:

Driller License:

Completion Date {m/d/fy):
Special Conditions:

Is Well Flowing?:

Shut-In Pressure:
Geology/Aquifer:
Well/Water Use:

Well Notes: COMPLETION OPEN BOTTOM WITH BARS WELDED ACROSS BOTTOM OF 10 INCH PIPE.

Plot this site on a topoegraphic map
View Water Quality for this Site

COoMBO
46,8728
-113.8663
NAV-GPS
NAD27
3301.00

WELL

ULRICH
WwCo16
3/17/1942

112AIVM
PUBLIC WATER SUPPLY

Casing Information?
Wall |Pressure
From| To |Dia|Thickness| Rating |Joint] Type
-1.0J100,0)12.0 50 LB STEEL
96.0[103.0}10.0 STEEL
Completion Information?!
¥ of Size of
Fromj To |Dia Openings Openings| Description
[ 96.0{103.0]10.0] | 20 1 X 6 SLOTS

These data represent the cantents of the GWIC databases at the Montana Bureau of Mines and Geology at the ime and date of the retrieval. The



Montana Bureau of Mines and Geology Plot this site on a topographic map
Ground-Water Informalion Center Site Report
BONNER SCHOOL

Location Information

GWIC Id: 163171 Source of Data: LOG
Location (TRS): 13N 18w 22 BC itatitude (dd): 46.8728
County (MT): MISSOULA Longitude (dd): -113.8678
DNRC Water Right: Geomethod: TRS-SEC
PWS Id: Datum: NAD27
Block: Altitude (feet):
Lot Certificate of Survey:
Addition: Type of Site: WELL

Well Construction and Performance Data

Total Depth (ft): 99.00 How Brilled: ROTARY
Static Water Level (ft): 46.50 Driller's Name; CAMP
Pumping Water Level (ft): 80.00 Drifler License: WWC007
Yield {gpm): 150.00 Completion Date (m/d/y): 7/31/1997
Test Type: AIR LIFT Special Conditions:
Test Duration: 1.00 Is Well Flowing?:
Drill Stem Setting (ft): Shut-In Pressure:
Recovery Water Level (ft): Geology/Aquifer: 112ALVM
Recovery Time (hrs): Well/Water Use: DOMESTIC
IRRIGATION
Well Notes:
Hole Diameter Information Casing Information®
—I_ Wall |Pressure|
No Hole Diameter Records currently in GWIC. From| To |DiajThickness] Rating {Joint| Type
[ -2.0§99.0] 6.0 | STEEL
Annular Seal Information Completion Informationt
[From| To [Description 7t of Size of
| 0.0}20.0[CEMENT From| To |Dia|Openings|Openings| Description
| 83.5[98.5} 6.0 .25X1.25 SLOTS
Lithology Information
From| To Description
0.0] 3.0|TOPSOIL
3.0§55.0/SAND & GRAVEL & CLAY
55.0]99.0|SAND GRAVEL CLAY WATER|

1 - Al diameters reported are inside djameter of the casing.

These data represent the contents of the GWIC databases at the Montana Bureau of Mines and Geology at the time and date of the retrieval. The
information is considered unpublished and s subject to correction and review on a daily basis. The Bureau warrants the acturate transmission of the dats to
the ariginal end user. Retransmission of the data to ether users is discouraged and the Bureau claims no responsibiifty if the material is retransmitted. Note:
non-reported casing, completion, and lithologic records may exist, in paper files at GWIC.



Ground-Water Information Center Watey Quality Report
Site Name: STIMSON LUMBER COMPANY Report Date: 3/21/2006
Compare to Water Quality Standards

Location Information

Sample Id/Site Id: 2001Q0975 / 178544 Sample Date: 11/14/2000 2;15:00 PM
Laocation (TRS): 13N 18W 22 BCAD Agency/Sampler: MBMG / PMN
Latitude/Longitude: 46° 52' 22" N 113° 51' 58" W Field Number: PWS0046
Datum: NAD2?7 Lab Date: 12/7/2000
Altitude: 3301.00 Lab/Analyst: MBMG / IMC
County/State: MISSOULA / MT Sample Methad/Handling: PUMPED / 3120
Site Type: WEL Pracedure Type: DISSOLVED
Gealogy: 112ALVM Total Depth (ft): 103.000
USGS 7.5' Quad: BONNER SWL-MP {ft): NR
PWSs Id: 00467002 Depth Water Enters (ft): 96.000

Praject: PWSINV
Major Ion Results

ma/L meq/L mg/L meq/L
Calcium (Ca) 30.800 1.537 Bicarbonate (HCO3) 152,700 2.503
Magnesium {Ma) 10.200 0.839 Carbonate (CO3) 0.000 0.000
Sadium (Na) 3.630 0.158 Chlaride {CI} 0.993 0,028
Potassium (K) 1.080 0.028 Sulfate {S04) 5.870 0.122
Iron (Fe) <.005 0.000 Nitrate (as N) 0.336 0.024
Manganese {Mn) <.001 0,000 Fluaride {F) <.05 0.000
Silica (5i02) 10.600 Orthaphasphate (OP0O4) <,05 0.000
Tolal Cations 2,565 Total Anions 2.677
Trace Element Resuits {jg/L)
Aluminum (Al): <30 Cadmium (Cd): <2 Mercury (Hg): NR Tin {5n): NR
Antimony (5b): <2 Chromium {Cr): 2710 Malybdenum (Mo): <10 Tianium (Ti): <1
Arsenic (As): 1.510 Cobalt (Co): <2 Nickel {Ni): <2 Thallium (T1): <5
Barium {Ba): 216.000 Copper (Cu): 2420 Silver (Ag): <] Uranium (U): NR
Beryllium (Be}: <2 Lead {Pb):  2.360 Selenium {5e): <1 Vanadlum (V): <5
Boron (B): <30 Lithium (Li}:  4.610 Strontiumn (Sr): 100.000 Zinc (Zn): 18.300
Bromide {Br): <50 Zirconium {Zr): <2
Field Chemistry and Other Analytical Results
**Total Dissolved Solids:  138.760 Field Hardness as CaC03 (mg/L): NR. Ammaonia {mg/L}: NR
**qum of Diss. Canstituents:  216.240 Hardness as CaCO3 (mgfi): 118.880 T.P. Hydrocarbons {pg/L): NR
Feld Conductivity (umhos):  254.000 Feld Alkalinity as CaC03 (mg/L): NR. PCP {pg/L): NR
Lab Conductivity {4mhos):  256.000 Akalinity as CaC03 {mg/L):  125.240 Phosphate, TD (mg/L as P): <.05
Feld pH: 7.600 Ryznar Stability Index: 8.377 Field Nitrate (mg/L): NR
Lab pH: 7.450 Sodium Adsorption Ratio: 0.150 Feld Dissolved 02 {mgfL): NR
Water Temp (°C): 8.700 Langtier Saturation Index: -0.464 Field Chloride {mg/L): NR
Air Temp (°C): -B.000 Nitrite {mg/l. as N): <.05 Feid Redox (mV):  NR
Notes
Sample Condition: CLEAR
Feld Remarks:
Lab Remarks:

Explanation: mg/L = mililgrams per Liter; pg/L = micrograms per Liter; ft = feet; NR = No Reading in GWIC

Quallfiers: A = Hydride atomic absorption; E = Estimated due to interference; H = Exceeded holding time; 3 = Detected above MDL but less than MRL; K
= Na+K combined; N = Sgiked sample recovery not within control limits; P = Preserved sample; S = Method of standard additions; U = Analyzed for but
not detected above MDL; * = Duplicate anagms not within control limits; ** = Sum of Dissolved Constituents is the sum of major cations (Na, Ca, K, Mg,
Mn, Fe) and anions (Hcéa, €03, 504, T, 5102, NO3, F) In mg/L. Total Dissolved Sallds is reported as equivalent weight of evaporation residue.

Disclaimer

These data represent the contents of the GWIC databases at the Montana Bureau of Mines and Geology at the time and date of the retrieval. The
informatian is considered unpublished and Is subject to correction and review on a dr.-ﬂ!r}f1 basis. The Burgau warrants the accurate transmission of the data
to the original end user, Retransmission of the déta to other users Is discouraged and the Bureau claims no respansibility if the material is retransmitted.



Montana Bureau of Mines and Geology
Ground-Water Information Center Site Report
KOLPPA EARL

Plot this site on a topographic map

Location Information
GWIC Id:; 6816t Source of Data: LOG
Location (TRS): 13N 18w 22 B Latitude (dd): 46.8746
County (MT): MISSOULA Longitude {dd): -113.8651
DNRC Water Right: Geomethod: TRS-SEC
PWS Id: Datum: NAD27
Block: 4 Altitude (feet):
Lot: 10 Certificate of Survey:
Addition: WEST RIVERSIDE Type of Site: WELL
Well Construction and Performance Data
Total Depth {R): 113.00 How Drilled:
Static Water Level (ft): 78.00 Driller's Name:
Pumping Water Level {ft); Drifler License:

Yield (gpm): 25.00
Test Type:
Test Duration:
Drill Stem Setting (ft):

Recovery Water Level (ft): Geology/Aquifer: 112ALVM
Recovery Time (hrs): Well/Water Use: DOMESTIC
Well Notes:
Hole Diameter Information Casing Information?
Wall |Pressure|
No Hole Diameter Records asrently in GWIC. from| To |Dia|Thickness| Rating [Joint| Type
0.0]133.0] 6.0 STEEL

Annular Seal Information

No Seal Records currently in GWIC.

Lithology Information

From| To | Description
0.0]113.0]GRAVEL ROCK CLAY

1 - All diameters reported are inside diameter of the casing.

Completion Date (m/d/y): 1/1/1547
Special Conditions:
Is Well Flowing?:
Shut-In Pressure:

Completion Information?

No Completion Records currently in GWIC.

These data represent the contents of the GWIC databases at the Montana Bureau of Mines and Geology &t the time and date of the retrieval. Tha
information s considered unpublished and is subject to correction and review on a daily basis. The Bureau wamants the accurate transmission of the data to
the original end user. Retransmission of the daia to other users is discouraged and the Bureau claims no responsibility if the material is retransmitted. Note:
non-reported casing, complation, and Iithologic records may exist in paper files at GWIC.



Montana Bureau of Mines and Geology Plot this site on a topographic map
Ground-Water Information Center Site Report

ANACONDA FOREST PRODUCTS

Location Information

GWIC Id: 68163 Source of Data: LOG
Location (TRS): 13N 18W 22 BB Latitude (dd): 46.8764
County (MT): MISSOULA Longitude (dd): -113.8678
DNRC Water Right: Geomethod: TRS-SEC
PWS Id: Datum: NAD27
Block: Altitude (feet):
Lot: Certificate of Survey:
Addition: Type of Site: WELL

Well Construction and Performance Data

Total Depth (ft): 83.00 How Drilled:
Static Water Level (ft): 28.00 Driller's Name:
Pumping Water Level (ft): Driller License;
Yield (gpm): 20.00 Completion Date {m/d/y): 10/10/1958
Test Type: Special Canditions:
Test Buration: Is Well Fowing?:
brill 5tem Setting (ft): Shut-In Pressure:
Recovery Water Level (ft): Geology/Aquifer: 112ALVM
Recovery Time (hrs): Well/Water Use: INDUSTRIAL
Well Notes:
Hole Diameter Information Casing Information®
. Wall Pressurel
No Hole Diameter Records currently in GWIC. From| To |Dia|Thickness| Rating |Joinkj Type
| 0.0[82.5}8.0 STEEL|
Annutlar Seal Information Completion Information!
No Seal Records currently in GWIC, No Completion Records currently in GWIC.
Lithology Information
Froml To Description

0.0}12.0|GRAVEL BOULDERS
12.0}17.0|GRAVEL BOULDFRS W/CLAY
17.0§44.0]SMALLER GRAVEL CLAY
44.0}54.0JHEAVING SAND FAIR SIZED GRAVEL WATER
54.0}60.0}SAND WATER
65.0}70.0|GRAVEL SAND WATER
70.0§72.0[CLAY GRAVEL
72.0]80.0]GRAVEL SAND WATER
80.0]82,0]ROCK

1 - All diameters reported are inside diameter of the casing.

These data represent the contents of the GWIC databases at the Montana Bureau of Mines and Geology at the time and date of the retrieval. The
informration is considered unpublished and is subject to correction and review on a dally basfs. The Bureau warrants the accurate bansmission of the data to
the original end user. Retransmission of the dats to other users is discouraged and the Bureau claims no responsibility if the matarial is retransmitted, Note;
nan-reported casing, completon, and litholagic recards may exist in paper files at GWIC,
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&Olympus Technical Services, Inc.

SITE HEALTH AND SAFETY PLAN

THIS HEALTH AND SAFETY PLAN IS TO BE USED IN CONJUNCTION WITH
OLYMPUS' CORPORATE HEALTH AND SAFETY PLAN
(To be completed by the Project Manager and the Site Health and Safety Officer.)

DATE OF COMPLETION 3/27/2006 OLYMPUS PROJECT # A1534

EMERGENCY |NFORMAT|ON (Attach map to nearest hospital)
Emergency Numbers

Fire_ 911 Ambulance__ 911 Hospital 911
Olympus Office 406/443-3087 Client Number 406/841-5039
Project Manager Alan Stine Olympus Contact Alan Stine
Site Health and Safety Officer Alan Stine
Client Contact Kieth Large
Site Address Stimson Lumber Company, Section 22, Township 13 North, Range 18 West

Location of Health and Safety Equipment___In vehicle

S|TE DESCR|PT|ON (Include location, area affected, topography, access, site control, boundaries & site map)

Stimson cooling pond. The pond is located along the south bank of the Blackfoot River. A levee separates the
pond from the river and provides an access road around the pond. The pond collects boiler blowdown water
and runoff water from the mill yard.

PROJECT PLAN (Include job tasks, hazardous substance information forms(s), & equipment being used on/near site)

Collect sediment samples from the pond using a core drill rig mounted on a barge. Hazardous substances
have not been identified at the site but may be present.

H&SPlan.doc Page 1 of 4 Rev. 3/06



SITE HEALTH AND SAFETY MEETING CHECK LIST

DATE__3/21/06 OLYMPUS PROJECT # Al1534

HAZARD EVALUATION (See attachment A for assistance)

Exposure Hazard(s) (For PPE Purposes)

Skin Inhalation Ingestion
M M M
) E 0 E 0 E
d X d X d X
Substance Concentration e P e "o e P
o t ¢ m o t g mwm o t g m
w e h e w e h e w e h e
Unknown 1 OO0 O O O O3 &8 8 80 8 8 £
N [ I [ Yy [ Uy Y I N [ A N [y I I N
1 OO0 O O O O3 &8 8 80 8 8 £
N [ I [ Yy [ Uy Y I N [ A N [y I I N
1 OO &0 -0 >0 >0 0 -0 &0 &0 8
1 O >0 >0 >-&0O>->d9 0 &80 a9 8 ad .
N I Yy Uy Y A N A Y Iy I A
Other Hazards Slip, trip, and fall hazards. Hazards associated with working over water.
FIRE/EXPLOSION HAZARDS
Flash Point [ | pangerous - 100 F or Less LEL
[ ] Moderate - 100 F to 200 F UEL
|:| Low - 200 F or Above Other

POSSIBLE HAZARDOUS REACTIONS
Stable I:l Unstable I:I Pyroforic |:| Oxidizer |:| Water I:l Hazardous Polymerization I:l Toxic Gas Generation I:l

Reaction Results From
Type of Decomposition Decomposes To

PPE PROTECTION

Job Tasks Level of Protection
All tasks Level D, latex or nitril sample gloves
Life jackets when working over water

DECONTAMINATION/PPE DISPOSAL Dry decon if possible, otherwise wash and rinse. Containerization
of all PPE and decontamination liquids.

AIR MONITORING YES NO |:| To Be Done By: PID
(A) On entry before job begins YES NO [___] (B) During time in hazardous waste location YES No [ ]
If "YES" - Time Interval During sample collection

ELECTRICAL HAZARDS GFCI required for all electrical equipment

COMMENTS While no hazardous substances have been identified, they may be present. Be aware
of potential for hazardous substances during sample collection and avoid direct contact.

H&SPlan.doc Page 2 of 4 Rev. 3/06



ATTACHMENT A

References - for Hazard Evaluation

Chemical Hazard Response Information System (C.H.R.I.S.),
U.S. Department of Transportation and U.S. Coast Guard.

Dangerous Properties of Industrial Materials, Sax and Lewis.

NIOSH Pocket Guide to Chemical Hazards, U.S. Department
of Health and Human Services.

Definitions - for Exposure Hazard(s)

Low - Materials which on exposure would cause irritation but
only minor residual injury even if no treatment is given.

Moderate - Materials which on intense or continued exposure could
cause temporary incapacitation or possible residual
injury unless prompt medical treatment is given.
High - Materials which on short exposure could cause serious temporary
or residual injury even though prompt medical treatment were given.
Extreme - Materials which on very short exposure could cause death or major

residual injury even though prompt medical treatment were given.

H&SPlan.doc Page 3 of 4 Rev. 3/06



SITE HEALTH AND SAFETY MEETING CHECK LIST

Date:

Job Number:

Project Name:

Field Location:

Site Manager:

Introduction of People ----------------
Work Scope -----

Level of Entry
PPE to be Used
Identify Hazards
Equipment Being Used -------------
Site Specific Safety Rules ----------

Emergency Information

Telephone Numbers ----------------
Telephone Location -----------------
Hospital Directions/Map -----------
Escape Route ----
Fire Extinguisher ----------=--=--mn---
First Aid Kit
Eyewash ----

General

Restrooms
Work Zones Delineated ------------
Decon/Demob Requirements ----
Onsite Personnel meet HSAM
Requirements for Medical,
Fit Test, & Training --------
Personnel have read Site Health
& Safety Plan ---------------
Communication Procedures ------

If Applicable

MSDS Onsite/Available -------------
Fit Testing
Confined Entry Permit --------------
Monitoring Equipment

Calibrated ------------------

NN AN AN AN AN N

AN AN AN AN AN AN

N N N N N N N

Health & Safety Coordinator:

Personnel Present

Comments

H&SPlan.doc

Page 4 of 4

Rev. 3/06



Start 11000 Mt Highway 200 E
Bonner, MT 59823

End 500 W Broadway St
Missoula, MT 59802

Travel 8.6 mi {(about 11 mins)

Directions

1. Head southwest from MT-200 2.3 mi

3 mins

5 Bearleft . S . \ oA
8 Fake the 160 W ramﬁﬂ . e ‘ o S 53
5 mins

i Take thé“‘bfange St oxit 104 — Y L
‘_5 Turn left at N Or Eﬁﬁé St I . e Gemi
1 min

=p 6. Turn right at W Broadway St o w 477 ft
7. Arrive at 500 W Broadway St ' - . -

Missoula, IVIT59802

These directions are for planning purposes only. You may find that construction projects, traffic, or other events rray
cause road conditions to differ from the map results.

Map data ©2006 NAVTEQ™
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STANDARD OPERATING PROCEDURE G-1

FIELD LOGBOOK/PHOTOGRAPHS



SOP G-1 - Field Logbook/Photographs OLYMPUS TECHNICAL SERVICES, INC.

Standard Operating Procedure
Field Logbook/Photographs (G-1)

Field Logbook

A separate field logbook will be used for each field task. Each logbook shall have a unique
document control number. The logbooks will be bound and have consecutively numbered
pages. The information recorded in these logbooks shall be written in indelible ink. The author
will initial and date entries at the end of each day and a line shall be drawn through the
remainder of the page. All corrections will consist of a single line-out deletion in indelible ink,
followed by the author's initials and the date. No bound field logbooks will be destroyed or
thrown away, even if they are illegible or contain inaccuracies that require a replacement
document. These bound logbooks, at a minimum, shall include the following entries:

1. A purpose and description of the proposed field task,

2. Time and date fieldwork started,

3 Location and description of the work area, including sketches if possible, map

references and photographs, and sketches of well construction details, soils, pits, etc.,

Names and titles of field personnel,

Name, address and phone number of any field contacts,

Meteorological conditions at the beginning of fieldwork and any ensuing changes in

these conditions,

7. Details of the fieldwork performed and field data sheets used (including document
control numbers), with special attention to any deviations from the task-specific
Sampling and Analysis Plan (SAP) or Standard Operating Procedures(SOPSs),

8. All field measurements made,

9. Any field laboratory analytical results, and

10. Personnel and equipment decontamination procedures.

ook

For any field sampling work, at a minimum, the following entries should be made:

Sample location and number,

Sample type (e.g., ground water) and amount collected,

Date and time of sample collection,

Split samples taken by other parties. Note the type of sample, sample location,

time/date, name of person, person's company, any other pertinent information,

Sampling method, particularly and deviations from the SOP,

Suspected waste composition, including an estimate of the hazard level as being low or

medium,

7. Documentation or reference of preparation procedures for reagents or supplies that will
become an integral part of the sample (e.g., filters and preserving reagents), and

8. Sample preservation, handling, packaging, labeling, shipping information (e.g., weight),

the shipping agent, and the laboratory where the samples will be sent.

N

o a

After each day of fieldwork, all the bound logbooks will be locked up in a location accessible to
the Quality Assurance Manager, such as the field office filing cabinet.

Photographs

SOPG-1.doc Page G-1.1 07/10/95



SOP G-1 - Field Logbook/Photographs OLYMPUS TECHNICAL SERVICES, INC.

Photographs will be taken of field activities using a camera-lens system with a perspective
similar to the naked eye. Photographs should include a measured scale in the picture, when
practical. Telephoto or wide-angle shots will not be used, since they cannot be used in
enforcement meetings. The following items shall be recorded in the bound field logbook for
each photograph taken:

1. The photographer's name, the date, the time of the photography and the general
direction faced,
A brief description of the subject and the fieldwork portrayed in the picture, and

2.
3. Sequential number of the photograph and the roll number on which it is contained.

PHOTOGRAPH LABELS

PHOTOGRAPH NUMBER:
DATE:

TIME:

DIRECTION:
PHOTOGRAPHER:
DESCRIPTION:

SOPG-1.doc Page G-1.2 07/10/95



STANDARD OPERATING PROCEDURE G-2

SAMPLE PACKAGING AND SHIPPING



SOP G-2 - Sample Packaging and Shipping OLYMPUS TECHNICAL SERVICES, INC.

Standard Operating Procedure
Sample Packaging and Shipping (G-2)

The following steps shall be followed when packaging and shipping environmental samples:

1.
2.

10.

Collect the sample as stated in appropriate standard operating procedure (SOP).
Wipe the exterior of the sample container with appropriate decontamination solution
while wearing the necessary personal protective equipment as specified in the site-
specific Health and Safety Plan.

Attach the identification tag to the sample container. Place sample container in a 2-ml
thick (or thicker) zip-lock polyethylene bag, one sample per bag. Position the sample
container so the identification tag can be read through the bag, then seal the bag.
Place one or more bagged samples into a strong outside water-tight container, such as
an ice chest or a DOT-approved fiberboard box.

Add ice and/or blue ice if required by the appropriate SOP.

Secure containers with noncombustible, absorbent, cushioning materials.

Secure the properly completed chain-of-custody form (see SOP G-4) to the inside of
the ice chest lid in a plastic bag. The chain-of-custody form shall list only those
samples contained in the ice chest.

Tape ice chest drain and ice chest closed using fiberglass tape and seal with several
chain-of-custody seals.

Complete the air bill and Shipper's Certification for Restricted Articles/Dangerous
Goods if required.

Label and address the ice chest.

Note: Bagging of samples and lining of coolers will not be necessary if samplers transport
samples directly to the laboratory.

SOPG-2.doc Page G-2.1 07/10/95



STANDARD OPERATING PROCEDURE G-3

FIELD QUALITY CONTROL SAMPLES



SOP G-3 - Field Quality Control Samples OLYMPUS TECHNICAL SERVICES, INC.

Standard Operating Procedure
Field Quality Control Samples (G-3)

Field Quality Control (QC) is a part of the project Quality Assurance/Quality Control program
and is described in detail in the project specific Quality Assurance Plan. This Standard
Operating Procedure (SOP) describes the purpose, preparation and collection frequency of field
QC blanks and duplicate samples for aqueous matrices. QC samples will not be collected for
soil samples because solid media is too heterogeneous. Table G-3.1 summarizes the field QC
sampling requirements described in this SOP.

At least one set of field QC samples will be prepared for each sampling event. An event is
defined by any of the following conditions:

1. The beginning of a new sampling round,
2. A significant change in either the sample type, matrix, or location, or
3. A change in any sample analysis parameter.

If the number of field QC samples taken does not equal to an integer multiple of the interval
specified in Table G-3.1, use the next higher multiple. For example, if a frequency of 1 in 20 is
indicated and 28 field samples are collected, then two field QC samples will be prepared.

All field QC samples shall be packaged and shipped with field samples to the laboratory in
accordance to procedures outlined in SOP-G-2. Sample custody will be maintained according
to procedures outlined in SOP-G-4. The text below describes the field QC samples for the
agueous matrix.

Field QC Samples
Trip Blank

A trip blank will be used to help identify cross contamination in a shipment of aqueous samples
for analyzing volatile organic compounds (VOCSs) only. Trip blanks will be prepared by the
appropriate laboratory and in the appropriate containers using distilled/deionized (DS/DI) water.
Trip blanks will be transported unopened to and from the field with field samples. One trip blank
will be prepared for and sent with each shipment of samples for analyzing VOCs.

Equipment Rinsate Blank

Equipment rinsate blanks will be used to help identify possible contamination from the sampling
environment or from sampling equipment, such as a bailer, collection container, or filter
apparatus. Equipment rinsate blanks for field-filtered samples will be prepared by processing a
representative amount of DS/DI water through the decontaminated sample collection equipment
and filtering apparatus with a filter, then transferring the water to an appropriate sample
container, and adding any necessary preservatives.

SOPG-3.doc Page G-3.1 07/10/95



SOP G-3 - Field Quality Control Samples OLYMPUS TECHNICAL SERVICES, INC.

Equipment rinsate blanks for non-field filtered samples will be prepared by processing a
representative amount of laboratory DS/DI water through the decontaminated sample collection
equipment, then transferring the water to an appropriate sample container, and adding any
necessary preservatives. Equipment rinsate blanks are required for all inorganic or organic
constituents. Equipment rinsate blanks will be prepared daily, or once for every 20 samples
collected, whichever is more frequent.

Field Blank

Field blanks provide a measure of various cross-contamination sources, decontamination
efficiency, and other potential errors that can be introduced from sources other than the sample.
A field blank is prepared by the same protocols as a normal sample, but is not exposed to any
sampling equipment. A field blank is prepared in the field and consists of a representative
amount of DS/DI and/or reagent-grade (analyte-free) water and any necessary preservatives. A
field blank is contained in a sample bottle randomly chosen from each lot of bottles received
from the supplier. Field blanks are required for all inorganic or organic constituents. Field
blanks will be collected for each type of sample bottle at a frequency of 1 per 20 samples or
once per sampling event, whichever is more frequent.

Field Duplicate

Field duplicates are co-located samples collected identically and consecutively over a minimum
period of time and provide a measure of the total analytical bias (field and laboratory variance),
including bias resulting from the heterogeneity of the replicate sample set itself. Field duplicates
consist of two samples (one sample and one replicate) collected consecutively at the same
location and placed in different bottles for separate analysis. Each duplicate will have its own
sample number. The two samples will be sent to the laboratory and analyzed for identical
chemical parameters. Field duplicate samples will be collected at a minimum frequency of 1 per
20 samples or once per sampling event, whichever is more frequent.
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SOP G-3 - Field Quality Control Samples

OLYMPUS TECHNICAL SERVICES, INC.

TABLE G-3.1
FIELD QC SAMPLING REQUIREMENTS
Sample Preparation Laboratory
QC Sample Sample Matrix Location Method Frequency
Equipment Rinsate Aqueous Field DI/DS water through Daily or one every 20
Blank sampling equipment and samples.
preserved.
Field Blank Aqueous Field DI/DS water not exposed  One per sampling event
to sampling equipment. or one every 20 samples.
Field Duplicate Aqueous and Solid Field Co-located samples One per sampling event
collected identically and or one per 20 samples.
consecutively.
Trip Blanks Aqueous (VOCs Laboratory  DI/DS Water One per sample
only) shipment.
SOPG-3.doc Page G-3.3 07/10/95



STANDARD OPERATING PROCEDURE G-4

SAMPLE CUSTODY



SOP G-4 - Sample Custody OLYMPUS TECHNICAL SERVICES, INC.

Standard Operating Procedure
Sample Custody (G-4)

A stringent, established program of sample chain-of-custody procedures shall be followed
during field sample collection and handling activities to account for each sample. Preprinted
labels will be used to maintain the highest degree of control in sample handling. The preprinted
labels(with spaces provided) will ensure that all necessary information is retained with the
sample chain-of-custody records, and shipping manifest will be utilized to maintain control over
access to the sample destination after shipment from the sample collection site.

SAMPLE CONTROL FORMS
Sample Label

Each sample collected at the site shall be identified with a sample label. The following
information shall be recorded on the label:

1. Project number,

2. Sample type (grab or composite, media sampled),

3. Sample identification (well number for groundwater samples, soil boring number, sample
number, and sample depth for soil samples, etc.),

4 Date and time sample was taken,

5 Sampler's name,

6 Sample tag number (a unique serial number stamped or written on each sample label;
duplicates and blanks shall be assigned separate sample numbers),

Preservative added, and

Remarks, including pertinent field observations.

© N

Chain of Custody Record

Chain-of-custody records ensure that samples are traceable from the time of collection until
introduced as evidence in legal proceedings. A sample is in a person's custody if any of the
following criteria are met:

1. The sample is in the person's possession.

2. The sample is in the person's view after being in possession.

3 The sample has been locked up to prevent tampering after it was in the person's
possession.

4. The sample was in the person's possession, then was transferred to a designated

Secure area.

The chain-of-custody record is completed in the field by the individual physically in charge of the
sample collection. The chain-of-custody record may be completed concurrently with the field
sample data sheet or before shipping samples to the laboratory. The sampler is personally
responsible for the care and custody of the sample until it is shipped.

When transferring the sample possession, the individuals relinquishing and receiving the
sample will sign, date, and write the time of day on the chain-of-custody record. The chain-of-
custody record is enclosed with the sample after it has been signed by the sampler.
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The chain-of-custody record also serves as the laboratory request form. As shown on the
attached sample chain-of-custody form, a space is included on the form to list the analyses
requested for each set of samples.

Field sample data is to be recorded in the field notebook. The field data correlates the assigned
sample bottle designation to a specific well or sample location, or to other distinguishing
features or attributes (i.e., dummy sample, duplicate sample, sample blank, etc.).
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Standard Operating Procedure
Soil and Water Sampling Field Equipment Decontamination (G-5)

To prevent potential cross-contamination of samples, all reusable soil and water sampling
equipment and pumps shall be decontaminated. The sample personnel shall set up the area
used to decontaminate soil and water sampling equipment in the manner shown on Figure G-5-
1. This area will be located upwind from the specific sampling area. The personnel performing
the decontamination procedures will wear protective clothing as specified in the site-specific
Health and Safety Plan.

PROCEDURES USED TO DECONTAMINATE INORGANICALLY
CONTAMINATED SOIL SAMPLING EQUIPMENT

Table G-5.1 lists the equipment that shall be used to decontaminate the soil sampling
equipment and the decontamination station where it will be used. The specific procedures for
decontaminating inorganic contaminated soil sampling equipment include the following:

1. At Station No. 1, first wash the contaminated equipment in a tub containing tap water to
remove the soil material. Follow with a second wash in a tub containing water mixed
with a detergent, such as Alconox.

2. Move the equipment to the wash tub in Station No. 2. Rinse the equipment with clean
water, wash with 0.1 Normal nitric acid (HNO3), then rinse with distilled/deionized
(DS/DI) water.

3. At Station No. 3, place the clean equipment on plastic sheeting until it is used again.

After decontaminating all the soil sampling equipment, the disposable gloves and used
plastic from Station No. 3 shall be placed in garbage bags and disposed in a trash
collection facility. The wash and rise water from Station Nos. 1 and 2 will be disposed
in accordance with the site-specific SAP. At the end of each day, all soil sampling
equipment shall be stored in large plastic bags.

PROCEDURES USED TO DECONTAMINATE INORGANICALLY
CONTAMINATED WATER SAMPLING EQUIPMENT

Table G-5.2 lists the equipment that shall be used to decontaminate the water sampling
equipment and the decontamination stations where it will be used. (To decontaminate pumps,
see section Decontamination of Sampling Pumps at the end of this SOP).

The specific procedures for decontaminating inorganic contaminated water sampling equipment
include the following:

1. At Station No. 1, wash the contaminated equipment in a tub containing water mixed
with a detergent such as Alconox.
2. Move the equipment to the wash tub in Station No. 2. First, rinse the equipment with

DS/DI water. Then rinse the equipment with dilute (0.1 Normal) nitric acid and follow
with a second rinse using DS/DI water.
3. At Station No.3, place the clean equipment on plastic sheeting until it is used again.

SOPG-5.doc Page G-5.1 07/10/95



SOP G-5 - Soil & Water Sampling Field Equipment Decontamination OLYMPUS TECHNICAL SERVICES, INC.

After decontaminating all the water sampling equipment, the disposable gloves and
used plastic from Station No. 3 shall be placed in garbage bags and disposed in a trash
collection facility. The wash and rinse water from Station No. 1 and No. 2 will be
disposed in accordance with the site-specific SAP. At the end of each day, all water
sampling equipment shall be stored in large plastic bags.

PROCEDURES USED TO DECONTAMINATE ORGANICALLY
CONTAMINATED SOIL SAMPLING EQUIPMENT

Table G-5.3 lists the equipment and supplies that shall be used to decontaminate the soil
sampling equipment and the decontamination station where it will be used. The specific
procedures for decontaminating the organic contaminated soil sampling equipment include the
following:

1. At Station No. 1, Tub No. 1, wash and scrub with a detergent such as Alconox, or use a
pressurized steam cleaner to remove the soil material. Collect the waste water for
disposal in accordance with the site-specific SAP.

2. At Station No. 1, Tub No. 2, double rinse the equipment with DS/DI water.

3. At Station No. 2, rinse the equipment with methanol followed by a double rinse with
DS/DI water.

4, At Station No. 3, lay the equipment on the clean plastic to air dry.

5. Wrap the equipment in clean plastic until reuse.

The disposable gloves and used plastic from Station No. 3 shall be placed in garbage
bags and disposed in the trash collection containers. The wash and rinse waters from
Stations No. 1 and 2 will be disposed in accordance with the site-specific SAP.

PROCEDURES USED TO DECONTAMINATE ORGANICALLY
CONTAMINATED WATER SAMPLING EQUIPMENT

Table G-5.4 lists the equipment and supplies that shall be used to decontaminate the water
sampling equipment and the decontamination station where it will be used. (To decontaminate
pumps, see section Decontamination of Sampling Pumps at the end of this SOP.)

The specific procedures for decontaminating the organic contaminated water sampling
equipment include the following:

1. At Station No. 1, Tub No. 1, wash and scrub the equipment with a detergent such as
Alconox, or use a pressurized steam cleaner to remove the soil material. Collect the
waste water for disposal in accordance with the site-specific SAP.

2. At Station No. 1, Tub No. 2, double rinse the equipment with DS/DI water.

3. At Station No. 2, rinse the equipment with methanol followed by a double rinse with
DS/DI water.

4, At Station No. 3, lay the equipment out on the clean plastic to air dry.

5. Wrap the equipment in the clean plastic until reuse.

The disposable gloves and used plastic from Station No. 3 shall be placed in garbage
bags and disposed in the trash collection containers. The wash and rinse waters from
Stations No. 1 and 2 will be disposed in accordance with the site-specific SAP.
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DECONTAMINATION OF SAMPLING PUMPS

When using field decontamination, it is advisable to begin sampling with the well containing the
lowest anticipated analyte concentration. Successive samples should be obtained from wells
anticipated to have increasing analyte concentrations. Use of dedicated pump equipment is
preferable when feasible. Table G-5.5 lists the decontamination equipment required.

When pumps (e.g., submersible or bladder) are submerged below the water surface to collect
water samples, they should be cleaned and flushed between uses. This cleaning process
consists of an external detergent wash and high-pressure tap water rinse, or steam cleaning, of
pump casing, tubing and cables, followed by a flush of potable water through the pump. This
flushing can be accomplished by pouring clean tap water from a carboy into the end of the
discharge tube and working it down to the inside of the pump. The procedure should be
repeated; then the tubing and inside of the pump should be rinsed with DS/DI water.

Surface pumps (e.g., peristaltic or diaphragm) used for well evacuation need not be cleaned
between well locations. However, a new length of polyethylene tubing must be used for each
well and discarded after use. The pump and hose should always be placed on clean
polyethylene sheeting to avoid contact with the ground surface.
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TABLE G-5.1

DECONTAMINATION EQUIPMENT FOR INORGANICALLY
CONTAMINATED SOIL SAMPLING EQUIPMENT

Equipment List for Decontamination

Ite Quantity

3-gallon plastic tubs

5-gallon plastic container, tap water
5-gallon carboy, DS/DI water
Alconox

0.1 Normal Nitric Acid

Hard-bristle brushes

Plastic sheeting or garbage bags

DYDY DO®ODOYODNY DY W

Personal protective equipment b
Kimwipes
55-gallon drum(s)
Drum labels
Spray paint
Equipment at Decontamination Stations
Station No. 1
Alconox
Tap water
Two 3-gallon plastic washtubs
Scrub brush
DS/DI water
Station No. 2
3-gallon plastic washtub
DS/DI water
0.1 Normal Nitric Acid
Station No. 3
Plastic sheeting or garbage bag
a Quantity depends on the size of the sampling effort and is, therefore, left to the
discretion of the field hydrogeologist or geologist.
b Type of protective equipment as specified in the site-specific Health and Safety Plan.
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TABLE G-5.2

DECONTAMINATION EQUIPMENT FOR INORGANICALLY
CONTAMINATED WATER SAMPLING EQUIPMENT

Equipment List for Decontamination

Iltem Quantity

3-gallon plastic tubs

5-gallon plastic container, tap water
5-gallon carboy, DS/DI water
Alconox

0.1 Normal Nitric Acid

Hard-bristle brushes

Plastic sheeting or garbage bags

D DO DODDYDOYODNNY DYDY W

Personal protective equipment b
Kimwipes
55-gallon drum(s)
Drum labels
Spray paint
Equipment at Decontamination Stations
Station No. 1
Alconox
Tap water
Two 3-gallon plastic washtubs
Scrub brush
DS/DI water
Station No. 2
3-gallon plastic washtub
DS/DI water
0.1 Normal Nitric Acid
Station No. 3
Plastic sheeting or garbage bag
a Quantity depends on the size of the sampling effort and is, therefore, left to the
discretion of the field hydrogeologist or geologist.
b Type of protective equipment as specified in the site-specific Health and Safety Plan.

TABLE G-5.3
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DECONTAMINATION EQUIPMENT FOR ORGANICALLY
CONTAMINATED SOIL SAMPLING EQUIPMENT

Equipment List for Decontamination

Iltem Quantity

3-gallon plastic tubs

5-gallon plastic container, tap water
5-gallon carboy, DS/DI water
Alconox

Hard-bristle brushes

Methanol

Plastic sheeting or garbage bags

DO DYDY DODNDYD DYDY W

Personal protective equipment b
Kimwipes
55-gallon drum(s)
Drum labels
Spray paint
Equipment at Decontamination Stations
Station No. 1
Alconox
Tap water
Two 3-gallon plastic washtubs
Scrub brush
DS/DI water
Station No. 2
3-gallon plastic washtub
Methanol and DS/DI water
Station No. 3
Plastic sheeting or garbage bag
a Quantity depends on the size of the sampling effort and is, therefore, left to the
discretion of the field hydrogeologist or geologist.
b Type of protective equipment as specified in the site-specific Health and Safety Plan.
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TABLE G-5.4

DECONTAMINATION EQUIPMENT FOR ORGANICALLY
CONTAMINATED WATER SAMPLING EQUIPMENT

Equipment List for Decontamination

Iltem Quantity

3-gallon plastic tubs

5-gallon plastic container, tap water
5-gallon carboy, DS/DI water
Alconox

Hard-bristle brushes

Methanol

Plastic sheeting or garbage bags

D DYDY DOYDODDODNDY DYDY W

Personal protective equipment b
Kimwipes
55-gallon drum(s)
Drum labels
Spray paint
Equipment at Decontamination Stations
Station No. 1
Alconox
Tap water
Two 3-gallon plastic washtubs
Scrub brush
Acetone and methylene chloride or hexane
Station No. 2
3-gallon plastic washtub
Methanol and DS/DI water
Station No. 3
Plastic sheeting or garbage bag
a Quantity depends on the size of the sampling effort and is, therefore, left to the
discretion of the field hydrogeologist or geologist.
b Type of protective equipment as specified in the site-specific Health and Safety Plan.
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TABLE G-5.5

DECONTAMINATION EQUIPMENT FOR SAMPLING PUMPS
EQUIPMENT LIST FOR DECONTAMINATION OF SUBMERSIBLE PUMPS

Equipment List for Decontamination of Submersible Pumps

Item Quantity

Alconox a

Tap water a
Hard-bristle brushes 1
Plastic sheeting or garbage bags a
Personal protective equipment a,b
30-gallon plastic trash can or plastic overpack drum 1

55-gallon drum(s) a

Drum labels a

Steam cleaner Optional

Equipment List for Decontamination of Surface Pumps

Ite Quanity
Polyethylene tubing a
Plastic sheeting or garbage bags a
a Quantity depends on the size of the sampling effort and is, therefore, left to the

discretion of the field hydrogeologist or geologist.

b Type of protective equipment as specified in the site-specific Health and Safety Plan.
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STANDARD OPERATING PROCEDURE SS-1
SAMPLE COLLECTION FROM SOIL BORINGS,
EXCAVATIONS, AND HAND DUG PITS

SOIL BORING PROCEDURES

The following procedures are designed to be used during the operation of auger type
drill rigs during soil sampling operations. The procedures listed below may be modified
in the field by the agreement of the lead site sampler and drill operators based on field
and site conditions after appropriate annotations have been made in the appropriate
bound field logbook. Prior to any subsurface work, have utilities (gas and electric,
telephone, sewer, etc.) located by a regional one-call service or the utility
companies as needed.

1. Locate the site as directed in the site-specific Sampling and Analysis Plan (SAP).

2. Drillers prepare rig for operation. This includes; but is not limited to,
decontamination of the drill rig tools and sampling equipment, leveling the rig,
preparing the downhole tool, preparing the auger "flights", and establishing the
drill over the location.

3. Mount the split tube to the drive stem.

4. Prior to using the split spoon sampler, sample the surface increment to a depth in
accordance with the site-specific SAP.

5. Place split spoon sampler on the ground surface and advance sampler to the
desired depth using the rig hammer.

6. After driving the split spoon sampler its entire length or upon refusal of
advancement, recover the split spoon sampler. Refusal is defined as 100 blows
with the rig hammer and less than 6 inches advancement of the split spoon
sampler. Less than 100 blows may be defined as refusal if there is no split
spoon advancement. This decision will be made at the discretion of the field

sampler.

7. After recovery of the split spoon sampler, open the spoon and place the spoon
containing the soil sample into a holding device, maintaining the intervals as
sampled.

8. Sampling personnel will then describe the soil sample based on the site-specific

SAP instructions, and fill out the appropriate bound file logbooks, field profile
sheets, field site sheets, and quality assurance/quality control documentation.

9. Decontaminate the split spoon sampler.
10. Repeat steps 3 to 9 until sampling is completed.
11. The drill rig tools and sampling equipment will be decontaminated prior to moving

onto the next site. The drill rig will be left in a safe and secure fashion at the end
of each shift.
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BACKHOE PIT EXCAVATIONS

The following procedures are designed to be used during the operation of backhoe
equipment to excavate sites prior to soil sampling operations. The procedures listed
below may be modified in the field by the agreement of the lead site sampler and
backhoe operators based on field and site conditions after appropriate annotations have
been made in the appropriate bound field logbook.

1. Locate the site as directed in the site-specific SAP. Identify locations of
underground utilities.

2. Place the backhoe tractor in a safe position. This will be based on the operators
judgment and site conditions.

3. Begin backhoe excavation. Place excavated materials a sufficient distance from
the excavation to prevent the return of excavated materials to the pit. Topsoil will
be determined by the technical field support, removed, and segregated from the
underlying soils.

4, Continue excavation of the pit to the required depth. This depth shall not exceed
5 feet from the ground surface unless the proper pit exit trenches, shoring, and
sloping excavations have been excavated to prevent accidental burials of
sampling crew and to meet or exceed all OSHA Construction Standards (29 CFR
1926; Appendix A) for entrance by sampling personnel. If OSHA Construction
standards for entrance cannot be met, the sample will be obtained from the
backhoe bucket.

5. Sampling personnel may enter the pit after all excavation is complete and the
excavation is deemed safe to occupy. The site safety officer shall be the
oversight authority and will determine what is safe and what is not safe. "Safe"
for backhoe pit excavations is defined as meeting or exceeding all OSHA
Construction Standards (29 CFR 1926; Appendix A), for entrance by sampling
personnel.

6. Soil profile descriptions shall be made from a hand cleaned surface along the pit
wall using the Unified Soil Classification System.

7. Soil sampling will follow soil profile description and establishment of sampling
intervals based on the site-specific SAP. Soil samples will be collected with
decontaminated stainless steel or plastic sampling tools and bowls from the
appropriate intervals. A sample collected from a depth increment shall be a
representative composite of the entire interval and not biased by sample mass
collected largely from the top or bottom of the increment.

8. All pertinent field quality assurance/quality control documentation, bound field
logbooks, sample labels, profile sheets, and field site sheets shall be completed
prior to refilling the pit.
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9. After items 1 through 8 have been completed to the satisfaction of the lead
sampler, the site pit shall be refilled with the previously excavated materials. The
earthen materials are to be replaced in the same order they were excavated with
topsoil placed on top of the filled pit. There will be some unavoidable mixing of
soil during the excavation.

10. Decontaminate all sampling equipment, including the backhoe bucket.

11. Move to the next site. If the previous site was the last site of the day,
decontaminate the backhoe bucket, secure, and park the backhoe tractor rig for
the evening.

HAND DUG PITS

The following procedures are designed to be used during the operation of hand tools to
excavate sites prior to soil sampling operations. The procedures listed below may be
modified in the field by the agreement of the lead site sampler and field personnel based
on field and site conditions after appropriate annotations have been made in the
appropriate bound field logbook.

1. Locate the site as directed in the site-specific SAP.

2. Select the appropriate orientation for the excavation. This is be based on the
lead field sampler's judgment and site conditions.

3. Begin pit excavation. Place excavated materials a sufficient distance from the
excavation to prevent the return of excavated materials to the pit. Topsoil is to
be placed separately from the underlying soils. Placement of excavated
materials on a sheet of plastic is recommended to facilitate returning excavated
material to the pit.

4, Continue excavation of the pit to the required depth. This depth shall not exceed
24 inches from the ground surface.

5. Soil profile descriptions shall be made from a hand cleaned surface along the pit
wall using the Unified Soil Classification System.

6. Soil sampling will follow soil profile description and establishment of sampling
intervals based on the site-specific SAP. Soil samples will be collected with
decontaminated stainless steel or plastic sampling tools and bowls from the
appropriate intervals. A sample collected from a depth increment shall be
representative composite of the entire interval and not biased by sample mass
collected largely from the top or bottom of the increment.

7. All pertinent field quality assurance/quality control documentation, bound field
logbooks, sample labels, profile sheets, and field site sheets shall be completed
prior to refilling the pit.

8. After items 1 through 7 have been completed to the satisfaction of the lead
sampler, the site pit shall be refilled with the previously excavated materials. The
earthen materials are to be replaced in the same order they were excavated with
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topsoil placed on top of the filled pit. There will be some unavoidable mixing of
the soil during the excavation.

9. Decontaminate all sampling equipment.

10. Move to the next site. If the previous site was the last site of the day,
decontaminate the field sampling equipment, secure all equipment, and exit the
site.
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ATTACHMENT TO SOP SS-1
29 CFR 1926 SUBPART P - EXCAVATION,
TRENCHING AND SHORING
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Subpart P—Excavations _

Avrsortrr: Sec. 107, Contract Worker
Hours and Safety Standards Act (Construe-
tion Safety Act) (40 U.S.C, 333); Secs. 4, 6, 8,

- Occupational! Safety and Health Act of

1970 (29 U.S.C. 633, 653, §57T); Secretary of
Labor’s Order No. 12-71 (36 TR 8754), 8-76
(41 FR 25058), or 9-83 (48 FR 35736}, as ap-

- plicable, and 29 CFR part 1911,

Source 5¢ FR 45959, Oct. 31, 1983, unless

otherwise noted.

§ 1926.650 Scope, application, and deﬁpi-

tions applicable to this subpart.
(a) Scope end application. This sub-
part applies to all open excavations
made in the earth’s surface. Excava-

" tions are defined to include trenches.

(b)" Definitions .applicable io this
subpart.

Accepted.  engineering practices
means those requirements which are
compatible with standards of practice
required by a registere@ professional
engineer....: ' L .

s Aluminum Hydraulic Shoring means
a pre-engineered shoring system com-
prised of aluminum hydraulic eylin-
ders (crossbraces) used in conjunction
with vertical rails (uprights) or hori-
zontal rails (walersi. Such system is
designed, specifically to support the
sidewalls of an excavation and prevent
cave-irs. ' . .

Bell-bottom pier hole means a type
of shaft or. footing excavation, the

" bottom of which is made larger than

the cross section above to form =z
belled shape.

r___
™
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Benching (Benching systemn) means.
a method of protecing employess
from cave-ins by excavating the sides
of an excavation to form one or =z
series of horizontal levels or steps,
usually with vertical or near-vertical
surizces betwaan levels, .

Ccve-in means the separation of a
mass of soil or rock material from_the
side of an excavation, or the loss of
sofl from under a trench shield or sup-
port system, and its sudden movement
into the excavation, either by falling
or sliding, in sufficlant quantity so
that it could entrap, bury, or cther-
wise injure and immobllize a person.

Competent person means one who is
capable of identifylng existing and
predictable hazards In the surround-
ings, or working conditions which are
unsanitary, hazardous, or dangerous
to employees, and who has zuthoriza-
tion to take prompt corrective meas-
ures to eliminats them: g

Cross braces mean the horizontal
- members of a shoring system installed
.. .perpendicular to the sides of the exea-.

‘vation, the ends of which bear against.

.either uprights or walss, o

Ezcovalion means any man-made
cut, cavity, trench. or depression in an
earth surface, formed by earth remov-
. Faces or, sides means the vertical or
~inclined earth  surfaces formed 25 a

result of excavation work

Failure mears the breakage, dis-
placement, or permanent deformation
of a structurzl member or connection
so as to reduce its structural integrity
and its supportive capabilities.

Hazardous afmosphers means an at-
mosphere which by zeason of being ex-
plasive, flammable, poisonous, corro--
sive, oxidizing, irritating, oxygen defi-
cient, toxie, or otherwisa harmiul, may
cause death, illness, &r injury.

Kickou!l means the accidental re-
lease or faflure of a erpss brace

Prolective system means a method of
protecting employees from cave-ins,
from material that eould fall aor roll
from an excavation fzee or into an ex-
cavation, or {rom the collapse of adja-
cent structures. Protactive systems in-
clude support systems, sloping and
benching systermns, shield systems. and
other systems that provide the neces-
sary protection.

2-3

—

Raemp means an inclined walking or
working surface that is used to gain
access to one point from another, and.
s constructed from earth or from
‘siructural materials such as stael ar
wood. .
—~ Registered Professioncl Engineer
means a person who is registered as a
professional engineer in the state
where the work is to be performed.
However, a professional engineer, rag-
istered in any state is desmed to be 2
“registered professional enginesr’
within the meaning of this standard
when approving desigys for “mznufac-
tured protective systems” or “tabulat-
ed data™ to be used in interstate com-
merce. _ :
Sheeting means the members of a
shoring systern that retain the earth
in position and in turn are supported
by other members of the shoring
S?Etem. - .
-+ Shield (Shield system) means a
Structure that is able to withstand the
. forees imposed on it by a cave-in and
. thereby protect employess within the
structure, Shields can be permanent
.structures or can be designed to be
portable and moved along as work pro-
. gresses. Additionally, shields can be
either premanufactured or job-built in
-accordance with § 18926.652 (eX3) or
(c)X(4). Shields used in trenches are

“usually referred to as “i{rench bhoxes”

or “trench shjelds.” .

Shoring (Shoring system) means a
structure such as a metal hydraulie,
mechanieal or timber shoring system
that supports the sides of an excava-
‘tion and which is designed to—prevent
cave-ins, '

Sidez. Se# “Faces.” }

Sloping (Sloping system) means a
method of protecting employees from
cave-ins by excavating to form sides of -
an ‘excavation that are inclined away
from the excavation so as to prevent
cave-ins. The angle of incline required
to prevent a cave-in varies with differ-
ences in such factors as the soil type,
environmental conditions of exposure,
and apptication of surcharge loads.
~- Stable rock means natural solid min-

eral materizl that can be excavated
- with vertical sides and will remain
intact while exposed. Unstable rock is
considered to be stable when the rock
material on the side or sides of the ax-
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cavaztion is secured agzainst caving-in or
movement by rock bolts or by another
protective system that has been de-
signied by =2 registered prnfessiana.l en-

ineer.
s Structural ramp means a ramp built
of steel ar wood, usually used for vehi-
cle acress. Ramps made of soil or rock
are not considered structural ramps.

Support system means a stiructure
such 2s underpinning, bracing., or
shoring., which provides support to an
adjacent structure, underground in-
stallation, or the sides of an excava-
tion.

chbu.lcr.f.ed daia means ‘tzbles and
charts approved by a registered profes-
sional engineer and used to design and
construct a protective system.
- Trench (Trench excavation) means a
narrow excavation (in . relation to its
length) made below the surface of the
ground. In general, the depth is great-
er than the width, but the width of a
ttench (measured at the bottom) is
net greater than 15 -feet (4.6 m), If
forms or other structures are installed
or.constructed in an ‘exeavation so as
to reduce the. dimension mezasured
ffom the forms or itructure to the side

6f the excavation to 15 feet (4.6 m) or .

léss (measured at the bottom of the
g¥%cavation), the exmvation is also con-
sidered to be 2 trench. .

Trench bozx. See "Smeld." .

Trench shield. See “Shield.” -

Uprights means the vertical mem-
bers of a trench shoring system placed
in contact with the earth and usually
positioned so that individual members
do not contact each. other. Uprights
placed so that individual members are
closely spaced, In contact: with or
interconnected to each ather _are
often called “sheating.”

Wales means honzantal .members of
a shoring system piaced parallel to the
excavation face whose sides bear

agzinst the vertical members of the-

shioring system or. ea:th..

§1926.651 General requirements.

{a} Surfgce encumbrances. Al sur-
face encumbrances that are located so
as to create a hazard to employess
shall be removed or supported, as nec-
essary, to safeguard employees,

— (b)Y Undergrcund insiglalions. (1)
The estimated lecation of utility In-
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stellztions, such as sewer, {elephone,
fuel, elegtric, water lines, ar any other
underground installations that reason-
ably may be expected to be encoun-
tered during excavation work, shall be
determined prior {0 opening an exec=-
vation. . .

- (2) Ttility companies or ewners shall
be contacted within established or cus-
torary local response tires, advised
of the propesed work, and asked to es-
tablish the location of the utility un-
derground installations prior to the
start of actual excavation. When utili-
ty companies or owners cannot re-
spond to a request to locate under-
ground utility installations within 24

- hours (unless a longer period.is Te-
. quired by state or local law), or cannot

establish the exact location of these
installations, -the employer may pro-
cead, provided the employer does so
with caution, and provided detection
equipment or other aceeptable means
to locate utility installations are used.

* (3) When excavation operations ap- .

proach the- estimated loecation of un-

:derground installations, the exact lo-

cation of the installations shall be de-

termined hy safe a.nd accepta.ble

me:a.ns
© (4) While the ex:ca.vatmn is open, un-
derground - installations shall be pro-

" tected, supported or removed as neces-

s&ry to safeguard employess, |

(c) Access and egress—{1) Struciurcl
ramps. (1) Structurzl ramps that are
used solely by employees as a means of
access or egress from excavations shall
be designed by a competent persor.
Structural ramps used for access. or
egress of equipment shaill be designed
by a competent person qualified in
structural design, and shall be con-

. structed 1.;1 accordance mth the

design.

(i) Ra.mps and rumways constructed
of two or more structural members
shall have the structural members
connected together to .prevent dis-
placement. ' '

(iif) Structural members used for
ramps-‘and runways shall be of ur:-
form thickness.

{iv} Cleats or other appropriate
rmeans used to connect runway sirac-
turzl members shall be attached to the
bottom of the runway or shall be at-

l._ m., H .L



Section 2

© 1 §1926.601(bX(E)

tached in a manner to prevent r.np-
pineg.

(v} Structura.l ramps used in lieu of
steps shall be provided with cleats or
other surface treatments on the top
surface to prevent slipping.

(2) Means of egress from trench exca-
vetions. A stairway, ladder, ramp or
other safe means of egress shall be 10-
cated in trench excavations that are 4
feat (1.22 m) or more in depth so as to
require no more than 25 feet (7.62 m)
of lateral travel for employess.

(d) Ezposure lo wvehicular lrasfic
Emplovees exposed to public vehicular
traffic shall. be provided with, ‘and
shall wear, warning vests or other suit-
able garments marked with or made of
raﬂectcnzed or hlgh-msszllty materi-
al

(e) Ezxrposure to falling Ioads. Na em-
. ployee shall he permitted underneath
loads handled by lifting or digging
equipment. Employees shall be re-

.quired to stand away from any vehicle .

.. being loaded or unloaded to =avoid -
. being struck by any spillage or: fa.!lmg
- /mmaterials, Operators may remain in
- the cabs:of vehicles heing loaded or.
. unloaded . .when .-.the ..vehicles
equipped, ... in:. . accordance .. with
,-to provide. adequate .:
.. protection . for .the: roperater  during .
. ~.loading and unloading.operations. . ...

. - (f) Warning system for mobile equip-
ment When mobile equipment is oper-
ated adjacent to an excavation, or
when such equipment is reguired to
approach the edge of an excavation,
and the operator does not have a clear

and direct view of the edge of the ex-

cavation, a warning system sball be
utilized such as barricades, hand or
mechanical signals, or stop logs. If pos-
sible, the grade should be a.wa.y from
the excavation.

{(g) Hazardous atmospheres—(l)
Testing and controls. In addition to
the requirements set forth. in subparts
D and E of this part (29 CFR 1926.50-
1826.1077 to prevent exposure to
harmful levels of a*mospheric con-
taminants and to assure acceptable at-
mospheric conditions, the following re-
quirements shall apply:

- {1} Where oxygen deficiency (atmaos-
nheres containing less than 12.3 per-
ceni oxyger) or a hazardous atmos-
phere exists or cnuld reasonably be ex-
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are .

confined footing excavations,

pected to exist, such as in excavations
in landfill aresas or excavations in
areas where hazardous substances are
stored nezrby, the atmoaspheres in the
excavation shall he tested before em-
ployess enter excavations greater than
.4 feet (1.22 m) in depth.

(ii) Adequate precautions shall be
taken to prevent employee exposure to
atmospheres containing less than 18.5
percent oxygen and other hazardous
atmospheres. These precautions in-
clude providinrg proper respirctory
protection or ventilation.in accordance
wilh subparts D and E of this part re-
spectively. )

(iil) Adequate precaution shall be
taken such as providing ventilation, to
prevent employee exposure to an at-
mosphere containing a concentration

-of a flammable gas in excess of 20 per-
cent of the lower flammable limit of
thie gas.

(Iv) When controls are used that are
-intended to reduce the level of atmeos-
.pheric contarninants to acceptable
levels, testing shzll be conducted as
often 2s necessayy to ensure that the
.atmosphere remajns safe.

..{2) Emergency rescue equipment (i)
Emergency rescue eguipment, such as
“hreathing apparatus, ‘a safety harness
~and line,'or a baskat stretcher, shall he
-.readily.available ‘where hazardous at-
mospheric conditions exist or may rea-
sonahly be expected to develop during
work in an excavation. This equipment
shall be attended when in use.

(il Employees entering bell-bottom
pier holes, or other similar deep and

_ shall
wear a harness with a life-line securely
attached t¢ it. The. lifeline shall be
separate from any line used to handle
materials, and shall be individually at-
tended at all times while the employee
wearing the lifeline is in the excava-
tion.

(L) Protzelion from hazards assoct-
ated with water eccumulation. (1) Em-
ployess shiall not work in excavations
in which there is accumulated water,
or in excavations in which water is ac-
curnuwlating, unless adequate precau-
tions have been taken to protect em-
ployees azaipst the hazards posed by
waler zccuwrnulation. The precautions
necessary to protect employees ade-
quately vary with each situation, but
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could include special suppart or shield
s?sterns to protect from cave-ins,

ater remoaval to control the level of
accurmulating water, or use of a szfety
harmess and lifeline. _

(2) If water is controlled or prevent-
ed from zccumulating by the use of
water removal equipment, the -water
rernoval equipment and operations
chall be monitored by a competent
person to ensure proper operation.

(33 If excavation work interrupts the
natural drainage of surface water
(such as sireams), diversion ditches,

dikzes, or other suitable means shall be -
-from excavated or other materials or

usad to prevent surface water from en-

ring the excavation and to provide
adequate drainage of the area adja-
cent to the excavation. Excavations
subject to runocif from heavy rains will
require an inspection by a competent
person and. eompliance with para-
graphs (h)X1) and (hX2) of this sec-
tmu’

(1) Stability of adjacent struciures.
(1)~ Where the stability of ad;ouung'

buﬂdmg's. walls, or other structures is *

enda.ngered hy excavation operations,
support systems such as shoring, brac-
ing, or underpinning shall be provided
to” eusu:e the stability of such struc-
tures for the protection of employess.

(2) Excavation below the level of the
base or footing of any foundation or
retaining wall that could be rz2ason-
ably expected to pose a hazard to em-
plovees shall. not be permitted except
When_

(A support system, such as under-
pinning, is provided to ensure the
safety of employees and the stability
of the structure; or

(ii) The e*ccavation is in st.able rock.
or

(iif) A registered professional engi-.

‘neer hzs approved the determination
that the structure is sufficently re-
moved from the excavation so as to be
unaffected by the excavation activity;
or

(iv). A registered professional engi-
heer has approved the determination
that such excavation work will not
pose a hazard to employees.

(3) Sidewalks, pavements, and appur-
tenant structure shall not be under-
mined unless a support system or an-
other method of protection is provided
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tn protect emplovess {rom the possible
collapse of such structures.

(j) Protection of employees Jfrom
loose rock or soil (1) Adequata protec-
tion shall be provided to protect em-
ployees from loose rock ar soil that
could pose a hazard by falling or roll-
ing from an excavation face. Such pro-
tection shall consist of scaling to
remove loose matarial; installation of
protective barricades at intervals as
necessary on the face to stop and con-
tain falling material; or other mezns
that provide equivalent protection.

-~ (2) Employesas shall be protected

equipment that could pose a hazard by

. falling or rolling into excavations. Pro-

tection shall be provided by placing
and Ekeening such materials or equip-
ment at least 2 feset (.61 m) from the
edge of excavations, or ‘bhy the use of
retaining devices that are sufficient to
prevent materials or equipment from
falling or rolling into excavations, or
by a combination of both if necessary.
- (k) I'mspections. (1) Daily inspections
of excavations, the adjacent areas, and
protective systems shall be made by a
competent person for evidence of a sit-
uation that could resuit in passible
cave-ins, indications of fzilure of pro-
tective systems, hazardous atmos-
pheres, or other hazardous conditions. .
An “inspection shall be conducted by
the competent- person prior to the
start of work and as needed through-
out the shift. Inspections shall also be
made after every rainstorm or other
hazard increasing occurrencs. These
inspections are only required when
employes exposure can be reasonably
anticipated.

(2) Where the cornpetent person
finds evidence of a situation that ¢could
restlt in a possibie cave-in, indications
of faflure of protective systems, haz-
ardous atmospheres, or other hazard-
ous conditions, exposed employees
shall be removed from the hazardous
arez. until the necessary precautions
_have been taken {o ensure - their
safety.

(1) Fall protection. (1} Where em-
ployees or equipment are required or
permitted . to cross over excavations,
walkways. or bridges with standard
guardrails shall be provided.

I
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(2) Adeguate barrier physical protas.
tion shall be provideq at all remaotealy
located excavations. All wells, pics,
shafts, etc., shall be barricaded or cov-
ered. Upon completion of exploration
and similar operations, ‘temporary

wells, pits, shafts, etc., shall be back-

filled.

§1926.652 Requirements ‘for protective
Systams. .

(2) Protection of employees in ereq-
valions. (1) Each employes in an exea-
vation shail be Protected from cave-ins
by an adequate Protective system de-
signed
(b} or (c) of this section except when-

(1) Excavations are made entirely in
stable raock: or

(i1 Excavations are less than 5 feat
(1.52m) in depth and examination of
the ground by a Competent person.
‘Drovides no indica._tion of a paotential

cave-in.

(2) Protective Systams shall have the
c2pacity to resist. Without fafiure all
loads that are intandad or could raa-.
sanably be expected tp pe applied or
transmitted to the system. - e

(b) Design of sloping and benching
systems. The slopes and configurations
of sloping and benching systems shall
-be selected and eonstructed by the em-

Paragraph (bXx1iy ar, in the altarna-
tive, paragraph (bX2); or, In the alter-
native, paragraph (bX3), ar, in-the al.
ternative, paragraph (h)(4), as follows:

(1) Option (I)—-ARowable ra-
tions and slopes (i) Excavations siall
be sloped at an angle not steeper than
one and ome-half. horizontal to one

onz of the other optigns listed balow.,
(i} Slopes specified In paragraph
BX1Xi) of this Section, shall be exea-
vated to form configurations that ars
in accordance . ith the slopes shown
for Type C soil in Appendix B to this
subpart, ' -
(2) Option (2)—Determination of
slopes and conjfigurations using Ap-
pendices 4 and B. Maximum allowable
slopes, znd zllowahie configurations
for sleping ang benching systems,
shs]ll be determined in accordance
with the conditioms and requirements
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In accordanecs with paragraph
mined to be safe; .

" system from the data,

ing:

-shall be maintained

set forth in appendices A and B to this
subpar:. L . :
(3} Option (3}—Designs using other
tabulated data. (i) Designs of sloping
or benching systems shall be salected
from and be in accordance with tabu-
lated data, such ag tables and charts.
(I The tabulated data shall be in
written form and shall include all of
the following: - o _
(A) Identification of the parameters
that affeet the selection of a sloping
or benching system drawn from such
data; B .
(B) Identification of the limits of use
of the data, to include the magnitude
and configuration of slopes -deter-

(C) Explanatory information as may
be necessary to aig the user in making
a correct selection of a protective

(iii) At least one copy of the tabuilat-
ed data which identifies the registered

. Professional engineer who approved

the data, shall he maintained at the

. Jobsite during construction of the .pro-
- tective system. After that time the
- data

. & copy of the data
.able to the Secretary upon request, -

may he stored off the Jobsite, but
shall-be made avail-

(). Opiion (¢)—Desion by a regis-

- tered- professional engineer, (i) Sloping
".and  beaching-
.-Option (1) or Option (2). or Option (3)

systems not utilizing

Under paragraph (b) of this section
shall ba approved by a registared pro-
fessional engineer. - . N

(i) Designs shall be in written form
and shall inelude at least the follow-
the slopes
to be safe for

(A) The magnitude of
that ware determined
the pardicular project:

(B) The configurations that were de-
termined to be safe for the particular
Project; and

(C) The identity of the registered
professional engineer approving the
design. - -

(iii) At lesst one copy of the design
at the johsite
while the slope is being constructed.
After that time the desien need not be
at the jobsits, but a Copy shall hbe
made avazilable to the Secretary upon
requesz, o

(c) Design of Support systems, shieid
systems, end other Pratective systems.
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Designs of support systems shield sys-
tams. and other protective systems
shall be selected and constructed by
the empioyer or his designee and shall
be in accordance with the require-
rments of paragraph {c)(1); or, in the
altermative, paragraph (c}2); or, in the
 altarnative, paragraph (e)(3); or,’in the

alternative, paragraph (c)}4) as fol- |

lows:

(1) Option (1)—De.s*zg-n_: m*mg appen-
dicss 4, C end D. Designs for timber
snonn.g in trenches shall be deter-
. mined in accordance with the condi-
‘tions and requirements sef, forth in ap-
pendices A and C to this subpart. De-
signs for aluminum hydraulic shoring
shall be in accordance with paragraph
(cX2) of this section, hut if manufac-
turer's tabulated data cannoit be uti-
lized, designs shall' be in accordance
with appendix D. - .

#(2Y Oplion (2)—Dmgns Usm.g Manu-
Jacturer’s Tabulated Daia (1) Design

of support systems, shield systems, ar -

other - protective systems that are
d::.-awn from manufacturer's tahnjated
dzta shall be in accordance with all
specifications, recommendations, and
limitations issued or mzde by the man-
uiacturer

Y(u) Deviation Irom the specmca.-
tions, recommendations, and limita-
tions isstied or made by the manufzc-
turer shall only be allowed after the
manu.{acture. issues- specziic 'wntten
approval.

(iii) Manufactirer’s specifications,
recommendations, and limitations, and
manufadturer’s approval to deviate
from the specifications, recommenda-

tions, and limitations shall be in writ-

ten .form at the jobsite during con-
struction of "the protective system.
After that time this data may be
stored off the jobsite, but a copy shall
be made available to the Secretary
upon request.

(2). Option (J)=Designs -u.nng other

tabulated dala. (1) Designs of support

systems, shield systems, or other pro-
tective systams shall be selected from
and be in aeccordance with tabulated
dzta, such as tables and charts.

(ii} The tabulated ‘data shall be in
written form and include all of the fol-
lowing:
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(A} Identification of the paramesaters

that affect the selection of a protec-.
* tive system drawn from such data;

(B) Identifi;a.tiun of the imits of use

~of the data;

(C) Explanatory information as may
be necessary.to aid the user in making
a caorrect selection of a protective
system {rom the data.

(iii) At least one copy of the t.abula.t-
ed datz, which identifies the regis-
tered professional  engineer who ap-
proved the datz, shall be maintained
at the jobsite during construction of
the protective system. After that time

‘the data may be stored off the jobsite,

but a copy of the data shall be made
available to the Secretary upon re-
quest.

{4) Option (&'}—De::g-n vy a reg'x.s-

tered professional. engineer. (i) Sup--

port systems, shield systems, and

‘other protective systexns not utilizing =

Onption 1, Option 2 or Option 3, above,

" shiall be approved by a reu'z.stered pro-

fessionzl enginesar. |

(i1} Designs shall be in written form
and shall inelude the following:

(A) A plan indicating the sizes,
types. and configurations of the mate-

‘rials ‘to- he usgd in the protective

system: and -

(B) The identity - of the- revlsterer’ '

prufessmna.l engmem- approvmg the
design.

(i) At lea.st one copy of the design
shall be maiftained at the jobsite

- during 'construction of the protective

system - Afier that time, the design
may be stored off the Jobsite, but a
copy of the design shall be made avail-
able ta the Secretary upon request.

(d) Materials and equipmend, (1) Ma-
terials and equipment used for protec-
tive sysiems shall be fre= from damage
«or defects that might impa.ir- their
prope. function.

;+(2) Manufactured matev'xa.ls ‘and
eqmpment used for protective systerms
shall be used and maintained in a
manner that is consistent with Lthe rec-
‘omrnendations of ‘the manufacturer,
and in 2 manner that will prevenr. em-
pleyes exposure to hazards.

-~ {3} When materizl or equipment
that is used for protective systems is
damaged, 2 competent person shall ex-
amine the material or equipment and
evaluate its suitability for continued

W O O
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use. If the competent person cannot
assure the material or equipment is
able to support the intended loads or
is otherwisa suitable for safe use, then
such material or equipment shall be

removed from servlce, and shall be--

evaluated and approved by a regis-
tered professional engineer before
being returned to service.

(e} Insicllction and removal of sup-
port—(1) General () Members of sup-
port systems shall be securely connect-
ed together to prevent sliding, falling,
Eickouts, or other predictable failure.

(ii) Support systems shall be in-
stalled and removed in a manner that
protects employess from - cave-ins,
structural collapses, or from heing
struck by members of the support

system,
© (1) Individual memhers of support

systems shall not he subjected to loads ..

exceeding those which those members
were designed to withstand. :

(iv} Befaore temporary removal of in- .

. dividual . members begins, additional

. precautions shall he taken to ensure

the sziety cf employees, such as. in-
" stalling other structural members Lo

. carry the loads irmposed -on: the sup-_

port system.

{v} .Removal sb.a.u beam a.t: and
- progress from, the bottom of the exca-
vatiorn - Members :shall  be “released
slowly so as to note any indication of
possible failure of the remaining mem-
bers of the structizre or possible cave-
in of the sides of the excavation.

(vi) Backilling shall progress to-
gether with the removal of support
systams from excavations., . ..

(2) Addilional reguirements Jfor sup-
port systems for trench excavations. (1)
Excavation of material to a level no
greater than 2 feet (.61 m) below the
bottom of ihe members of a support
system shall be permitted, but only if
the system is designed to resist the
forces calculated for the full depth of
the trench, and there are no indica-
tions while the trench is open of a pos-

'sible loss of soil from. behind or below

the bottom of the support system.
(it} Installation of a suppart system

shall be closely coordinated with the -

excavation of trenches. *
(f) Sloping and benching sysiems.
Employees shzll not be permitted to

work on the faces of sloped or benched.

e
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excavations at levels above other em-
ployesas except when employees at the
lower levels ate adequately protected
from the hazard of falling, rolling, or
siiding material or equipment. '

(g) Shield syslzms-{1} General. (1)
Shield systems shall not be subjected
to loads exceeding theose which the
system was designed to withstand.

(i) Shields shall be installed in a
manner to restrict lateral or -other
hazardous movement of the shield in
the event of the apphmtmn of sudden

lateral loads.

(iiiy Emplovees shall beé protected
from the hazard of cave-ins when en-
tering or exiting the areas protected
by shields. _

({iv) Employees shall not be allowed
in shields when shields are being in-
stalled, removed, or moved vertically.

(2) Additional requirement for shield
systems used in (rench eccavations.
Excavations of earth material to -a
level not:greater than 2 feet (.61 m)

. 'below the bottom of a shield sitall be
c.permitted, but only if the shield is de-
- signed {o Tesist the forces calculated
for the full depth of the trench, and
there are-no :indications while . the
. trench is open of a possible loss of soil
- from.behind -or: below the bottom of

the shield.

ArpeDrx A TO Suarart P

Soil Classification
{a) Scope and applicatinon—{1} Scope This

- appendix describes a method of classifying

soil and rock deposits based on sita and envi- -

ronmentzal; conditions,: and on the structure
and composition of the earth deposits. The
appendix contains definitions, sets forth re-
quirements, and describes acceptable visual

-and manual tests for use in classitying soils.

(2) Applicotion This appendix applies
when a sloping or benching system is de-
signed in accordanece with the requirements
set forth Io §1926.652(bX2) as a method of
protection for employees from cave-ins.
This appendix alse applies when timber
shoring for excavations Is designed as a
method of protection from cave-ins in ac-
cordance with a2ppendix C to subpart P of
part 1926, and when aluminum hydraulic
shoring is designed in accordance with zp-
pendix D. This Appendix -also applies if°

-other protective systams are designed and

selected for use [rom data prepared in ac.
cordance with the requirements set forth in
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§ 1926.652(c), and the use of the data is
predicated on the use of the soil classifica-
tion system set {orth in this appendiz.

{h) Definitions. The de{initions and exam-
ples given below are based on, In whole or in
part, the following: American Society for
Tasting Materials (ASTM) Standards D653~
85 and D2488; The Unified Soils Classifica-
tion System, The U.5. Department of AgTi-
culture  (TGSDA) Textural Classification
Scheme: and The National Bureau cr Stand-
ards Report BSS-121.

Cemented soil means a soll in wruc.h the
particles are held together by a chemical
agent, such as calcium carbonate, such that

a hand-size sample cannot be erushed into
powder or Ludlndu.al soil particies by finger
pressure.

Cohesive. 30il meapns cla.y (fine grained
soil}, or soil with a high clay content, which
has cohesive ‘strength. Cohesive sofi does
pot crimble, ean be excavated with vertical
sideslopes, and Is plastic when moist. Cohe-

sive soil is hard to break up when dry, and
. exhibits signiflcant e¢ohesion when sub-

merged. Cohesive soils inelude clayey silt,
sandy clay, silty clay, clay and organic clay.

- Dry soil means soll that does not exhi‘bxt.
-visible signs of moisture content. -

¥ Fisyured mmeans a soil material that has a
* tandency to break along definite planes of
*"fracture with lttle resistance, or 2 material
that exhibits open cracks, such as tensmn
.4 eracks, in an exposed surface, :

v . Grenular soil means gravel. sand, or silt,
2 (coarse grained soil) with little or no clay
. content. Grmnular seil has no cohbesive
7% strength. Some moist granular seoils exhibit
Y apparent cohesion. Granular soil cznnot ke
molded when. moxsf. -and crumbles easily
when dry.

‘Layered system means two or more dis-
tinctly different soil or rock types arranged
in .layers. Micuceous seams or Weakened
planes in rock or shale are coosidered lay-
ered, -

Mottt seil means a condition o which a2
soil looks and feels damp. Moist cohesive
soil can easily be shaped into a ball and
rolled into small diamater- threzds befors
crumbling. Moist granular sofil that contains
some cohesive material will exhibit signs of
ecohesion betwesn particles.

Plastic means a property of a soil which
allows the soil o be deformed or molded
without cracking. or appreciable volume
change.

Saturzted soil mezns a soil in which the
voids are filled with water. Saturation does
not require flow, Saturation, or near satura-
tion, is necessary for Lthe proper use of in-
struments such a5 a pocket penetrometar or
shesr vane.

Soil classification system tneans. for the
purpose of this subpart, a method of catego-
rizing soil and rock deposits in a hierarchy
of Stabie Rock. Tvpe A, Type B, and Type
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C, in decreasing order of stability. The cate-
gories are determined based on an analysis
of the propertiss and per{ormance charac-
teristies of the depesits and the environ-
mental conditions of exposure.

Stable rock means naturzl solid mineral -
matter that cin be excavated with vertical
sides and remain intact while exposed.

Submerged soil means soil which is under-

watar or is {ree seeping.
" Type A means cohesive soils with an un-
eonfined compressive strength of 1.5 ton per
square oot (tsf) (144 kP2) or greater. Exam-
‘ples of cohesive soils are: clay, silty ciay,
sandy clay. clay loam. and, In some cases,
silty clay loam and sandy clay loam. Ce-
mented soils such as caliche and hardpan
are also considered Type A Eowever no soil
IsType Alf:

(1) The saoil Is {Issured; or

(1) The soil Is subject: ta vibration from
heavy tra..tﬂc.. pile drivf.uz. or similar eﬂecrs;
or

(iii) The soil has be=n prennusl? dis-
turbed; or

(iv) The soll Is part or 3 slope-d. layered

system where the layers dip into the exzava-
tion on a siope of four horizontal to one ver-
tical (4H-1V) or greater; or

(v) The material is subject to other factors '
that would require it to be clasr.ned as & .

less stable material

Type B means:

(i) Cohesive soil with an unconfined ‘com-
prassive strength greater than 0.5 tsf (48
EPa) but less than 1.5 tsf (144 kPa) or

(1i} Granular cohesionless soils including:
angular gravel (similar to erushed rock), silt.
silt loam, sandy loam and. in some czses,
silty clay loam ard sandy clay loam.

(1ii} Previously disturbed. soils except
these which would ot:hemse be classed as
Type Csoil.

(Iv) Soil that mests the unconfined com-
pressive. strangth or cementation require-
ments for Type A, but i{s filssured or subject
to vibration: or

(v) Dry rock that {s not stable: or

(vi) Material that I3 part'of 2 sloped, lay--

ered sTstam where the layers dip inte the
excavation on a slape less steap than four
horizontal to one verticul (4E:1V), but anly
if the matarizl wouid otherwise be classified
a5 Type B.

Type C means:

{i) Cohesive soil with an unconfined com-
pressiva strength of Q. 5 tsf (48 kPxa) or le_s‘
or

(i1} Granular soils tnc!.udi.ng gravel. zand,
and loamy sand: or

tiii} Submerged soil or seil from =which
water {s {reely se=ping; or

(iv) Submerged rock that is not stable. or

{v) Material in a sloped. layered system
where the layers dip into the execavation or

L I
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a slope of four horizontal to one vertical
(4E:1V) ar steaper,

Unconfined compressive str:ngu: means
the load per unit area at which a seil will
fail in compression. It can be determined by
laboratory testing, or estimated in the field
using 2 pocket penetrometer, by thumb pen-
etration tests, and ather methods. .

Wel zoil means soil that contains signifi-
cantly mare moisture than moist soil, but in
such a range of values that cohesive materi-
2l will slump or begin to flow when vibrated,

" Granular material that would exhibit cobe- -
sive properties when moist will lose those .

cohesive properties when wat.

() Regquirements—(1} Classificolion of
soil end rock depwt...n.achsoilandrock
deposit shall be classified by a competent

persanuSta.hleRochT}'DeA.TypeB ar

Type C in accordancs with the definitions
set forth in paragraph (b) of this appeadiz.

(2) Basiz of ¢lassification, The classifica-
tion. of the depasits shall be made based on
the results of at least one visual and at least
one manual analysis. Such analyses shall be
conducted by a competent person using
tasts deseribed in paragraph (d) below, or in
other recognized methods of scil classifica-
tion and testing such as those adopted by
the America Society for Testing Matarials,

~or the US. Department of Agriculture tex-

. tural classification system. :
€3) Visual aend manuc! anclyses The
visual and. manual a.nalysa. such as those
noted as being acceptable in paragraph (d)
. of this appendix, shall be designed and con-
ducted .to. provide sufficient .quantitative
and qualitative nformation as may be nec-

sssary to identify properly the' properties, -

~:factors,-and conditions. a.ﬂe-ctinz the clasm-

" .cation of the deposits.

. {4) Layered systems. In a2 lz.yered sysl:am_
the system shall be classified in accordance
with its weakest layer. However, each jayer
may be clascified individually whers a-more
stable layar Ues under 3 less stable layer.

(5) Reclasxification. If, after classifying a
deposit, the properties, factors, or condi-
tions affecting its classificztion change in
any way, the changes shall be evaluated by
a campetant person. The deposit shall be re-
classified as necessary ta reflect
changed circumstances. :

(d} Accepighle visual and manual fostz—
(1} Visual lesiz Visuzl analysis is conducted
to determine qualitative information regard-
ing the excavation site in general. the soil
adjacent to the excavation. the soil forming
the sides of the open excavation, and the
soil tzken as sampies [rom excavated mate-
rial. :

(i} Observe samples af soil that are exca-
vated and soil in the sides of the excavation.
Estirmate the range of particle sizes and the
relative amounts of the particle sizes. Soil
that is primarily composed of fine-grained
material is cohesive material, Soil cormposad
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the .

prirarily of coarse-grained sa.nd or gravel is
granular meterizl.

(ii} Observe soil as it Is exc.'wa.:ed. Sull
that remains in clumps when excavited is
cohesive. Soil that breaks up easily and does
not stay in clumps Is granutar, .

tiii} Observe the side of the opened exca-
vation and the surface area adjacsnt to the
gxcavation. Crack-like openings such as ten-
sion cracks could indicate fissured material.
1f chunks of soil spall off a vertical side, the
soil could ba f{Issured, Small spalls are evi-
dence of moving ground and are indications
of potentizlly hazardous situations.

(iv) Observe the arez adjacent to the exca-
vation and the excavation itself for evidence
of existing utility and cother underground
structures, and to identify pre'riously dis-

. turbed sofl.

(v) Ohserve the opened side of the axcava-
tion to ldentify layered systems. Examine
layersed systems to identify {f the layers
slope toward the sxcavation. Estimate the
degrea of slope of the lIayers., |

(vi} Observye thie area adjacent to the exca-
vation and the sides of the. opened excava-
tion for evidence of surface water, water

. seaping from the sides of the excavation. or

the location of the level of tHe water table.

{vii) Observe the area. adjacent to-the ex-
cavation and the area withia the excavation
for sources of vibtation that may affect the
stability of the excavation facs,

(25 Monual tests. Manual analysis of soil
sammples is conducted to determine quantita-
tive as well 25 qualitative properties of scil

and to provide more m.forma.ﬂnn in order to
class:.ry soil properly. :

(1) Plasticity, Mold a moist or wet sa.mple
uf 'spil into a ball and attermnpt to roll it into
threads as thin as %-inch in.dlameter. Cohe-
sive material can be successfully rolled into
threads without crumbling. For example, if
at least a. two inch (50 mm) length of %-Inch
threzd can be held on cne end w:thcut tear-
m.g-. the soil is cohesive.

iiy Dry sirength. If the sofl Is dry and
crumbles_ oo its own or with moderate pres-
sure into individual grains or {ine powder, [t
is granular (any ‘combination of gravel,

. sand, or silt). If the soil Is dry and falls into

clumps which break up into smaller clumps.
but the smaller clumps can only be broken
up with difficulty, it may be clay in any
combination with gravel, sand or silt. If the
dry soil breaks into clumps which do not
break up into small ciumps and which can
eniy be broken with difficulty, and there is
no visual indication the soil is fissured, the
soil may be considered unfissured.

(Iil) Thumb penetrotion. The thumb pene-
tration test can be used to estimate thie un-
confined compressive strength of cohesive
soils. (This test is based on the thumb pene-
trztion test described In American Society
for Tasting and Materials (ASTM) Standard
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designation D2438—"Standard Recommend-
ed Practice for Description of Seils (Visual—
Manual Procedure).”) Type A soils with an
unconfined compressive strength of 1.5 ts{
can be readily indented by the thumb: how-
aver, they can be penetrated by the thumb
only with very great effort. Type C soils
with an unconfined compressive strength of
0.5 tsf ean be easily penetrated several
inches by the thumh, and can be molded by
light finger pressure, This test should be
conducted on an undisturbed soil sample,
such as a large clump of spoil, as soon as
practicable after excavation to keep to a mi-
minum the effects of exposure Lo drying in-
Qluences. If the excavation is later exposed
to wetting influences (rain, flocding), the
classification of the sofl must be changed ac-
cordingly. .

(ivy Qther :tn:ngth te:t... Estimates of u.u-
confined compressive strengtli of soils can
also he obtzined by use of a pocket pene-
trometer or by usinz a hand-opemted shcz:-
vane.

(V) Drying test. ‘The has.{c purpose of the
.drying tast is to differentiate between cohe-

- sive material with flssures, unfissured cohe-
sive materizl, and granular material. The
- procedurs for the drying test involves
< drying a sample of soil that is approximacte-
21y one loch thick (2.54 cm) and six inches
{15.24 cm) in diameter until it is thoroughly

';-‘s tA) I the sample develops cracks as it
dnes. significant fissures are indicated,
© {B) Sampies that dry without cracking are

to be dbroken by hand. If considerable forcs

signiticant ecohesive material content, The
soil can be classified 2s a unflssured cohe-
sive material and the unconfined compres-
sive strength shounld be determined.

(C) If a sampie brezks easily by hand, It is
either 2 flssured cobesive material or a
granuiar material, To distinguish betwesn
the twao, pulverize the dried clumps of the
sample by hand or by stepping on them. If
the clumps do oot pulverize easily, the ma-
terial is cohesive with fissures. If they pul-
verize easily into very small {ragments, the
material Is granolar.

APPENDIX B TO Strsm.ﬁ: P

SIaﬁ-ing and Benching

{a) Scope and epplication. This appendix
containg specifications for sloping and
benching when used as methods of pratect-
ing employees working in excavations from
cave-ing, The requirements of this appendix
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is necessary to hreak a sample, the soil has:

apply when the design of sloping and bench-
ing protective systems is to be performed in
accordance with the requirements set fm—ch
in § 1926.652(hX2)., -

(b) Definilions,

Actual slope means the siope to which an
excavation face is excavatad.

Disiresy means that the soil Is in a condi-
tion where a cave-in is imminent or is likely
to eccur, Distress is evidenced by such phe-
nomens 3s the developrnent of fissures in
the face of or adiacent to an open excava-
tion: the subsidence of the edge of an exca-
vation; the slumping of materizl from the
face or the bulging or heaving of material
from the bottom of an excavariop; the spall-
ing of material from the face of an excava-
tion: and ravelllpg, Le., small amounts of
matarial such as pebbles or little clumps of
material suddenly separating from the face
of an excavation and trickling or rolling
down into the excavation.

. Maeimum clowable . slope means the
staepest incline of an excovation face that is
aceceptable for the most favorsble site condi-
tions as protection against cave-ins, and is

expressed as the ratio of horizantal d:st.‘a.nce ]

to vertical rise (EEV). .

Short term zoposure means a period of
time less than or equal to 24 hours that an
axcavation is open.

(c) Reguiremenis—(1) Soil c!a.tsiﬁcaf.ian.
Soil and rock deposits shall be classified in
accordance with a;:pf.ndu Ato subpart P of
part 1928,

(2) Morimum alloicable slope. The maxi-
mum allowable slope for a soilor rock: de-
posit skall be detarmmed from Table B-] of
this appendix, -

(3) Actuel slope, (B 'I'he acmal slope shall
not be steaper than the mazimum anowa.ble
slope.

(il The actual slope shall be less steep
than the maximitnm allowable slope, when
there are signs of distress If that situation
occurs, the slape shall be cut back to an
actual slope, which is at least % horizontal
to one vertical (1%F:1V) less steep than the
maximum allowable slops.

(lii) When surcharge loads from stored
material or equipment.- opemting equip-
ment, or traffic are present, a competent
person shail determine the degres ta which
the actnzl siope must be reduced below the

, maximum allowable slope, and shall assure

that such reduction is achieved. Surcharge
loads from adjacent structures shall be eval-
vated in accordance with § 1926.851¢1).

{4) ConSipuralionz Confizurations of siop-
ing and benching srstems shall be in accord-
ance with Figure B-1.

ot
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TABLE B-1
HAXIMUM ALLOWABLE SLOPES

MATIMNUH ALLOWABLE SLOPES (#ay) (Y]

SO{L GR ROCX TYPE
' ' FOR EXCAVATIONS LESS THAN 20 FEET

nrco (11

STASLE RQCK . YERTICAL (907)

TYPE A (2] | 341 (539

TYPE B - B - 1l 1357

TYPE C : '_ sl (36°)
O TES:

1. Humbers shawn in parentheses next to maximum allowable slopes are angles axpressad in
: degrees from the harizantal Angls have been rounded off.

2. A shnr.'l:-::n: maxioim allowable slope of 1/29:1V (63%) is allowed in
-...exeavacions io Type A soil thaz are 12 [zec (3.567 =} or less in depch.
. Shartecarz maximm allowvable slopes for excavacions _grgater than 12

feac (3.67 m) io depch shall be 3/&B:1V (5373

- .-3. :Sloping or. bem:hmg for excava!mns creater than 20 feet desp shall be designed by a rag1sr.er-ed
prurassmra] engme“r. . -

‘Figure B-1

. Slcﬂe Coofigurations
(AJ.I slops stated:below are in the horizozeal to verrim.l ratio)

B-1.1 E...cz:ua.t.an.: made in Type d s0il

1. AR su:nple slope. excavation 20 feet or less n depth shall have a ma.x.lmum. a.uowable
slope of %.L . . .

S1vrLe SLOPE-—(GENERAL

Exception: Simple slope excavations which are open 24 hours or less (short term) and
which are 12 {eat or less in depth shall have a2 maximum allowabie slape of %:L.

2-13
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12' Max.
1
i/2

SrrLE SLoPE—SHORT TR

a_ Al benched excavations 20 feet-or less in depth shall have 2 maximum allowabla slope
of % to 1 and maximum bench dimensions as follows: :

20!

L' Mo hY

pr
r'd
I
r'd
4
! et
) R
A
20" Ma=x. . z A L
5°' 7 ‘
Hax. '/, 3[‘5 :
rd
L' Max. s
Vi

MuLTIPLE BEXCH
4. All excavations 8 fes=t or less in depth which have unsupportad vertically sided lower
portions shall have 3 maximum yertical side of 3% lest. . .
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UnNsSUrPPORTED VEATICALLT SIipzD Lowex PoRTION—MAXIMUM 8 F==T 1o D==TH

All excavations more than 8 [eet but not more than 12 {e2t in depth which unsupported
vertically sided lower portions shall have a maximum allowahble slope of 171 and a maximum

vertical side of 3% feat.

12!

< Un3UPrPoRTED. VERTICAL: ¥ SIDED LOWER PORTION--MATIMTN 12 Fr=T I Drorx

.- All excavations 20 faar or less in depth which have vertically sided lowar portions that are
supportad or shislded shall have & mazimum allowable siope of #:1. The support or shield
Systerm must extend at least 18 inches above the top of the vertical side.

Susporc or shield syscem

——
-

L
18" Min.

Tocal heighco of varcical sids

|
L

SUPORTED OR SHIELDED VERTrcarry Sipen LoweR PORTION

4. All other simple slope. compound slope. and vertically sided lower portion excavations
shall be in accordanees with the other options permitted under § 1826.652(b).

B-1.2 Excavations Made in Type 3 Sail
1. All simple slope excavations 20 fe=t¢ or less in denth shall have 2 maximum atowabla
slope af 1:1. ' '

2-15
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Srerr= Stope
a_ All benched axeavations 20 feet or less in depth shall have a maximum allowable slope
of 1:1 and maximum bench dimensions as follows:

s bench allowed in cohesive soil V

: i
1

Smyeiz Boie=s

This bench alloved in cohesive soil anly
4
. ’
< ]
R
20" Hax. \ ’ - .
-
: _ i i 1
p
: i

[ -
- :_'.".3_::'._ ) rd
:-_m P
‘ -
s

MULTIFLE BExCH
3. All excavations 20 fest or less in denth which have vertically sidad lower portions shall
be shielded or supparted to a height at least 1B inches above the top of tha vertical side. All
such excavations shall have 2 maximum allowabie slope of 121,
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Support or shiald syscam

( .

o §
—) -

:'. 3" Mig.

Tezzl ha

i

L

/41

b

- ——

¢ of vercical side

VERTICALLY SIDED LOWER PORTION

4. All ather sloped excavations shall be In accordanes with the other options permitted in
§ 1928.6852(b).

B-1.3 Excavations Made in Type C Zoil

L. A1l simple slape excavations 20 feet or less in dapth shzll
slope of 1%:1.

2. AU excavations 20 faet or less [n depth which have va
be shielded or supported to a height at least 18 inches abo

Smqpre SLort

such excavations shall have a maximum allowable slope of 1%L,
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have 2 maximum zallowable
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riicelly sided lower portions shall
ve the top of the vertical side. All
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' Sugperz or shisld syscem

VerTrcal SIipED LOWER PORTION
3. All ather sloped excavations shall be in accordance with the other optlons permitted In
§ 1926.852(b). .
B-1.4 =xcavations Made in Layered Sofls

1. Al excavations 20 fest or less in depth made in layered sofls shall have a maximum
allowable slope for each layer as sac forth below.

3 OVER A

c gvza a
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A OVER 17

B OVER ¢

2. All other sloped excavations shall be in accordance with the athar eptions permoittad in

§ 1925.652(h),

Arp=2iprx C TO SUBPART P

Timber Shoring for Trenches

ta} Seope. This appendix contains infor-
mation that can be used timbar shoring is
provided as a method of protection from
cave-ins in trenches that do not exceed 20
fe=e (6.1 m) in depih. This app=ndix must be
usec. when design of timber shoring protec-
tive systems {5 to be performed in a2ccord-
ance with § 1926.652(c)1). Other timber
shoring comfigurations: other svstems of
support such as hydraulic and pneumatic
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~with,

‘systems: and other protective systems such

as sloping. benching, shivlding, and Ireezing
systems must be designed in accordance
the requirements set forth in
§ 1926.652(b) and § 1926.552(¢).

. (B) Soil Clazsification. In order to use the
data presented in this appendix. the sail
t¥pe2 or I¥pes in which the excavation is
made must (irst be detarmined using the
soil classification methad set forth in appen-
cix A of subpart P of this part,

(¢} Presentotion of fnjormation Informa-
tion is presented in severa] [orms as follows:

(1) Information is presented [n tabular
form in Tables C-1.1, C-1.2, and C-1.3. and
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Tables C-2.1. C-2.2 and C-2.3 [following
paragraph (g) of the appendix. Tach table
presents the minimum sizes of timber mem-
bars to use in a shoring system. and each
table contains dats only {for the particular
soil type in which the excavation or portion
of the axcavation is made. The data are ar-
ranged to allow the user the flexibility ta
select from among several acceptable con-
ligurations of memhers based on varying
the horizontal spacing of the crossbraces.
Stzble rock is exempt from shoring require-
ments and therefora. no data are prr_sen:.ed
for this condition.

(2) Information concsrmuing the bam.s of
the tabular data and the LLm.lta.:wns_oI the
data is presented in paragraph (d) of this
appendix, and on the tables themsalves,

(3) Information explaining the use of the
tabular datz is presented in pmmph. {e) of
this appendix.

{4} Information Mustrating the use of the
tabular dats is presented in paragraph () of
this appendizx.

(5) Miscellaneous notat.ions rega.rding
Tables C-i.l through C-1.3 and Tables C-
2.1 through C-21.3 are presenr.ed in pa.ra-
graph (g2) of this Appendix. -

(d) Basis and limitations of P.he data—(1)
Dimercions of timber members. (1) The sizes .
of the timber members listad in Tables C-
1.1 through C-1.3 are taken from thes Na-
tional Bureau of Standards (NBS) report.

"Recommended  Technicazl  Provisions for -

Construction Practice in Shoring and Slop-

ing of Trenches and Excavations.™ In addi- . -

tion. =here NBS did not recommend specific
sizes of members, metnber sizes are based ar
an analysis of the sizes required for use by
existing codes and on empirical practice,

(iI} The required dimensions of the mem-
bers listed in Tables C-1.1 through C-13
refar to actual dimneptsions and pot nominal
dirpensions of the tiraber. Employers .want-
ing to use nominal size shoring are directed
to Tables C-2.1 through C-2.3, or have this
choice under §1926.652(cX3), and are re-
ferred to The Corps of Engineers, The
Bureau ‘of Reclamation or data {rom other
acreprable sourcss, -

(2} Limitation of applicetion (1) It is not
intanded that the timber shoring specifica-
tion apply to evary situation that may be
experienced in the fisld. These data wers
deveioped to apply to the situations that are
moest commonly experienced in current
trenching practica. Shoring sy¥stems for use
in situations that are not covered by the
data in this appendix must be- designed as
specified in § 1925.6852(e).

¢ii) When any of the [ollowing conditions
are present. the members specified In the
tables are not considered sdequate. Either
an alternate timber shering systern must be
designned or another type of protective
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system  designed in accordance  with

-§1926.552.

~{A) When loads tmposed by strucbures or
by stored material adjacent to the trench
weigh in excess of the load imposed by a
=g-foot sgil surchargs. The term ™adja-

ccent' as used hera means the area within a

horizontal distance from the edge of the
trench equal to the depth of the trench. .

(BY When vertical loads imposed on cross
braces exceed a 240-pound gravity load dis-
tributed on a one-foot section of the center
of the crossbracs.

(C) When surcharge loads are present
from equipment weighing in  excess of
20,000 pounds.

(D) When only the lowe. porticn of a
trench is shored and the remaining portion

‘of the trench is sloped or benched unless:

The sloped portlon is sloped at an angle less
stezp than thre= horizontal to one vemca.l
or the members are selected from the tables
for use at a depth which is determined from

‘tha top of the overail trench. and not from

the toe of the sloped portion.

(e} Use of Tables. The membars of the
shoring system that zre ta be selected using
this information are the eross bracss, the )
uprights. and the wales. where wales are Ta-
quirad. Minimum sizes of members ara spec-

" ifisd for use in diffarsnt types of soil. Thers

are six tables of information, t=o for each

--soll type. Tha soil type must first be derar-

mined in accardance <ith the scil ciassifica-
tion systam described in appendix A to sub-
part P of part 1926, Esmg the approprizte
table, the selection of the size and spacing
of the members is thes mads, The selection
is Wased on the depth and width of the
trench where the members ars to be in-
stabled and, in most instaness, the selection
Is also based on the horizontal spacing of
the crosshraces, Instanees where a choica of
harizontal spacing of crossbracing is avail-
able, the horizontal spacing of the cross-
braces must be chosen by ths user before
the size of any member can be determined.
When the soil type, the width and depth of .

‘the trench. and the har:zanr.al spacing of

the crossbraces are known. the size and ver-
tical spacing of the ¢rossbraces, the size and
vertical spacing ‘of the wales, and the size
and horizontal spacing of the uprights can
be read [rom the appropriate table,

([) Ezamples to Mlusirate the Use of Tebles
C-1.1 through C-1.3. Co

(1) Ezzmple 1.

A trench dug in Type A sml is 13 fear de"::
and five fest wide.

-From Table C-L.1, far a.c:e::a::le a:'a.ngﬂ-
ments af timber can be used.

Arrengemeant 21

Space 4x4 crossbracss at six fest horizon-
tally and four [e=t verticaliy.




Section 2

Wales are not required.

Space 3x8 uprights at six (eet horigontal.
ly. This arrangement is commonly called
“skip shoring.™

A rrungc_ment 22

Space 4x6 crossbraces at eight feet hori-
zontally and four fest vertically. o
Space §x 8 wales at four feet vertically.

Spa.c_e 2x6 uprights at four Iger. horizon-

tally.

Armangement #3

Space §x6 crossbraces at 10 fest horizon-
tally and four feet vertieaily.. i
Space 8x10 wales at four feet vertically.

Space 2x6 uprights at Ihu_: feat hon'zan—_

tally.

Arrangement #4

Space §x6 crosshracss at 12 feet horizan-
tzlly and four feet vertically. -

Space 10x 10 wales at four feet verticaily.

tally, .
{2) Ezample 2. S S
A trench dug in Type B soil in .13 fest

..deep and five feet wida, From Table C-1.7.

Lhres acesntable arrangements of members
are listed, - : o .
BRI Arrcngement #1. .
Space 6x6 crossbraces at six feet horizon-
tally and five feet vertically, -~ oo - .
Space Bx 8 wales at flve feat vertically.

ly. ‘ .
Yoo ArTangement 22
Space 6x8 crossbraces at eight feet hori-
zontally and five fest vertically, )
Spoce.10% 10 wales at five feet vertically.
" Space 2x6 uprights at two fest horizantal-
Iy . = - .

=Amngement #3 o

Space Bx B crossbraces at 10 fest horizon-
tally and five fest vertienlly. | . .

Spaca 10x12 wales at five fast vertically.

Space 2x6 uprights at two feet vertically,

(3) Ezomple 3. - - . .- v

A trench dug io Type C soil Is 13 faat deep

- and five feat wide. - C

From Table C-1.3 two acceptable arrange-

ments of membears can baused. - - °

Arrangement 41

Space BxB crosshraces at six {est harizon-
tally and five 7eat vertically. .
Space 10x 12 waies at five faar vertically,

Position 2x 3 uprights as closely tagether -

as possible.

II water must be retained use special
tongue and groove uprights to form tight
sheeting. ’

Spaces 3xB uprights at six fest harizon- -

- Space 2x 6 uprights at.two.feet horizontal: -

Arrangement 22

Space 8x 10-crosshraces at eight {eat hari-
Zontally and five {eet vertically.

Space 1212 wales gt five [eat vertically.

Position 2x6 uprights ig a close shesting
configuration unless water pressure must, be

-resisted. Tight shesting must be used where

water must be retained.
(4} Ezaminple 4, .
A tranch dug in Type C soil is 20 fest deep

and 11 feet wide. The size and spacing of

members for the section of trench that is
over 15 feet in depth is detarmined using
Table C-1.3. Only one arrangement of mem-
bers is provided. :

Space 810 crosshraces at six feat hori-
zontally and five feet vertically. -

Space 1212 wales at fIve fest vertieally. -

Use Ix6 tight shesting. -

Use of Tables C-2.1 through C-2.3 would
follow the same procedures, ’

{g) Notes for all Tables _

1. Membar sizes at spacings gther than in-
dicatad are to be determined as specified in
§ 1926.652(c), “Design of Protentive Sys-
tems." = -

- 3. 'When conditions ara sa.tﬁra.l:éd ar sub-'
“-merged use Tight Sheeting. Tight Sheetirig
. Tefers to the use of specially-edged timber

PManks (e.z., tongue and groove) at least

- three inches thick. stesl shest piling, or
.similar. construction that when driven or
--<-Placed in; position provide a tight wail ta.
- Tesist the lateral-pressure of watsr and to
-prevent.the loss of backfTll material, Close
Sheeting tefers to the-placement af planks
.. Side-by-side-allowine ag little space as possi-

ble hetwaen them. S

3. All spacing indicated ix measured center
to cantar, : S

4. Wales to be Installed with greater di-
mension horizontal, " ’ '

5. If the vertical distance from the centar
of the lowest crossbrace ta the bottom of
the trench’excesds two and one-half feet,
uprights shall be firmly embedded or a
mudsill shall be used. Where uprights are
embedded, the' vertiml distange {rom the
center of the lowest crosshrace to the

‘bottom of the trench shall not excaed 36

Inches. When mudsills are used, the vertical
distance shall not exceed 42 inches Mudsills
are wales that are installed at the toe of the
trench sida. ' : :

6. Trench jacks may be used in lieu of ar
in combination with timber crosshraces,

7. Placement cf crosshraces, Whean the ver.
tical spacing of crossbraces is Iour feat,

‘place the top crossbrace no more than two

feec below the tap of the trench. When Lhe
vertical spacing of crosshraces s five [esr,
place the top crossarace no mora than 2.3
feet below the top of the tresch. .



L AP R . P e e i o

Section 2

TAOLE C-1.1

TIMBER TRENCH SHORING -- MINIMUM TIMBER REQUIREHENTS *

|

’ l . ‘ ; v u

B ETIT o TR Con e

SOIL TYPE A P, = 25 X H + 72 psF {2 ft Surcharge)
oTH 2 SIZL _IACTUAL) AND SPAGING OF MEMBERS **
. CROSS _URACES HALES UPRIGHTS
szqch | HORIZ. WIDTH OF TRENCH (FEET) VERT. VERT. | HAXIMUM ALLOWABLE HORIZONTAL SPACING
-“z1y | SPACING fue T |up TO| UP TO| UP TO[UP TO SPACING] STZE |SPACING (FEET) )
- {FEET) 4 6 9 12 15 (FEET) (IN} ) (FEET)| crosk a § ; 1
wpTo | Hot
5 5 axa | axq | ax6 | 6x6 | 6X6 4 fea'd | === 216
up 10 Hat :
0 a 4X4 44 4X6 | 6X6 6X6 4 Req'd .- 28
up TO C
10 10 axp | 4%6 | 4X6 | 6X6 | 6X6 4 BX8 4 2X6
uP TO =
12 ax6 | 4x6 | ox6 | 6X6 | 6X6 4 a8xa 4 2%6
wpTo-| Not -
10 5 axa ] axa | ax6 | 6X6_| 6%6 4 Reg'd | --= 318
up TO o . '
0 8 a¥s | axs | 6x6 | 6x6 | 6%6 4 88 4 2X6
up 70 i o
15 10 66 | 6x5 | 6x6 ] 6x8 | 6%8 4 8x10 2 2X6
: up 10 e ' -
12 66 | 6x6 | 6x6 | 6xa | 6xn 8 jox10 {4 %8
- up 70 . . o '
' § 6¥6 | 6X6 | 6X5 | 6X8 | 68 4 68 4 %6
_ uP 10 .
3 ] 6x6 | 6x6 [ 6x6 | 6x3 | 68 4 8x8 4 3%6
) UP 10+ _
! 19 gxg .t gxg | oxp | axg | 8x10) 4 8410 4__ - 3xg
up TO- , '
12 pxo | 8xs |" Bxp | Axn § 8xi0l 4 10X10 4 %6
FYER :
20 | SEE HOTE 1

* Hixed oak or equivalent wit
** Mapnufictured members of aqu

h a bending strength not less than 850 psi,

{valent strength may by substituted for wood,

: - . : o . | L
mEH TR ERARIRAERR
il — cames, fesics
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TAOLE C-1.2

TIHNER THRENCH SHORTHG -— HINTHUM TTHDER REQUIREMENTS #

SQIL TYPE R TP . " 45 X W + 72 pef {2 ft. Surcharge)

SIZE (ACTUALY AND SPACING QF MFMONERSAA

Dgf_'r“ CROSS WRAGES HALES UPRIGHTS
HORIZ, YIDTH_CF TRENGH (FEET) VERT, HAXIHUM ALLOWABLE HORIZONTAL SPAGING
f?i’;ﬁ’,‘ SFACING I'UF 10| up TO|UP TO |UP 70 | UP TO|SPACING| SIZE sgfgfﬂc : (FEET)
(FEET) 4 4 9 12 15 (FEET)| (IN) |(PEET) | crose | .2 3
P UP T | axe | axs | exs | sxe | 6x6 5 6X8 5 p3 1
vP TO ~ ' -
T0 8 6x6 | 6x6 | 6x6 | 6x8 | 6XB 5 8%10 3 2x5
o Lo lexs ! oexs | exs {exa | exs} s |omo] .3 225
Saa
Notm ! _
10 . U?_ 5T° | sx6 | ox6 ] exe | exs | 6&xa 5 gxa 5 S
D P 10 ,
0 8 6x3 | 6xa | 6x8 | sxa i B8xa8 5 | 1ox10 5 2X6
P 10 . . 1.
s . l_10 gxa | axn | axn | gxs | sxiof 3. 10x12 3 X6
Sea '
Note 1
: UP +TO - ' -
gy |6 - | -6xa {-exgj-6xs | Bx8 | 8X8 | 5 | 8x10) -3 3X6 -
UP. TO .
0 g - lexa} axs | 8x8 | 8x8 | 8X104 5 | l0%12 5 %8
~{ur 10 -1 :
20 10_ sxio| Bxiol sxtol sxiol toxiol 5 | 12x12 5 k{3
See
Noce !
OVER | e wore ! .

* Hixed osk or equivalenc with a bending strength not less than 850 pai. .
% Manufactured membars of equivalent strength may by substituted for vood.
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. TARLE C-1.3

TIHBER TRENCH SHORING -~ MYNIMUM TIHBER REQUIREMENTS *

SOIL TYPE C Fn =80 XN + 72 psf (2 ft. Surcharge)

JEPTI SIZIE (ACTUALY AND SPACING OF MEHRERS4w -
np CROSS_ARACES i : UPRIGHTS
NCY | oR1z. WIDTH 0P THENCN (FEET) vERT vepp, |MAXIHUM ALLOWADLE NIORIZONTAL SPACING
( ET) | spaciiic |up To{ up Tojur To [ur o | ur To|sPhcific| S81zZ [soAclic (FEET) (See Moce 2)
: {FEIT) ’ i ) 12 15 J(FRETY (IN) | (FEET) }CLOSE
ur 10 - - : ' -
s L_ s 6%8 6xa | 6xs8 Bx8 { 0xB8 [ 5 8x!0 5 2%6
u’-'P TO . - I
0 8 8xs. | axa | axs gxa | axto] 5 loxiz 5 X6
ur T ' ' ' ' o :
o |10 sxio | axi0| axio | axto [toxie{ 5 12%12 5 %8
Sae . :
Noce !
ur TO ey ’ ’ . : -
0 5 8x8 | axs | axs Bx8 | Bx10{ 3 10%12 ] %6
. fUP TO - :
5 S8 ax10 | axtof exto | sxio [toxi0]| 5 12x12 H 246
. | San T '
.5 | Hate 1 .
.. ] . Ser i
Hoce | :
s 1 6™ | sxio | axto] axto [ axto [roxie] s [tz | s laxs
. Sen A ’ ' ' h
‘3 Noge 1
Sea
:0 Hots |
: See*’
Yote 1
7| ske wote 1

. % Hixed Oak or aquivalent wich a hending strength not lass than 850 pﬁl.
4% Honufacturud membars af equivaienc serength may he subszizuted for wood,
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TABLE (-2.1

TIMBER TREMCI! SNURING -- HINIHUM TIHBER REQUIREMENTS *
SOIL TYPE A P" = 25 X M ¢ 72 paf (2 [fr. Surcharye).

DEPTH S12E_(543) AMD SPACING OF MEMAFRG
aF _ CADSS ORACES , ‘ __ HALES UPRIGHTS
TRENCH {- HORIZ. WIDTH OF TRENGH (FEET) VERT. "1 verT. MAXIHUH ALLOWABLE HORIZONTAL SPACING
(FEET) |SPACING JUP TO | UP TO[ UP TO|UP'TO UP TO SPACING | SIZE |SPACING [ (FEET)
‘ (FEET) 4 5 9 17 15 [(FEET) (1§ _l¢peeTy |CLOSE 4 3 6 a
“tup o700 | o - | wee Nec _
s 6" X4 | - 4X4 4%4 | 4X4 4X6 4 - Raq'd [ Req'd 4X6
L i ) : Hot |- Hotg
10 UP- T ) axa |oaxa | axe | axe | ouxs | e ragTd | ReqTd 4x8
up TO ) ; .y
10’ 10 4x6 | 4x6 | 4x6 | 6x6 | 6X6 | 4 8x8 4 -4X6
P, TO | uxs |.4x6 | 4xe| exe | 6x6 [ 4 - foxB | 4 4X6
o UP  TO | 4x4 | axu | axa | exe | 6X6 | 4 25y | RegTa 4x10
R (TR - . _ .
o 8 tx6 | sx6 | axn] 6x6 [ 6x6 | 4 gxa - ) 4o ] | axe
up . TO N ) . ’
Plo™ | sxs | exs | 6xe| exe | exs | 4 BRE .| 4 4xe
ls UP .'I:On' ) ) ) . .
12 6x6 | 6x6 | 6xe| ex6 | 6x6 | 4 ~j8x10 | & 4X6 4x10
1P 70 B S L _ '
s 6 6%6 6x6 | 6x6] 6%6 | 6X6 4 6%8 4 X6
Do P 0 ] . N B Al .- - N E . N . ] T .
0 UF e T 6x6 | 6x6 | 6x6| 6x& | 6x5 | 4 ‘a8 <[4 0 | 3xs | oaxize| o
U 0 . ‘ ‘
20 Plo T 6x6 | 6x5 | 6x6| 6x6 | 6x8 } 4 gxto, | -4 - | 3xs
P TO .
12 6X6 | 6x6 | 6éx6)] 6x8 | exa | 4 ax12 4 X6 4x12
OVER |
oo, | sEE MOTE L.

* Douglas fir or equivalent with a bending screngeh noc less than 1500 psi.
#% Manufactured members of equivalenc scrength may be subscituced for wood.
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TANLE C-2.12

TIMUER TRENCH SHORING -- MINIMUM TTHBER REQUIREHENTS »*

[

SOIL TYPE B P = 45 X it * 72 paf (2 fe. Sﬁrchlrge)
n
— SIZE (Su4S) AND SPACING OF MEMBERS w#
oF. CHNSS _ARACES . WALES UPRIGHTS
tenen | norrz. WIDTH OF TRENCH (FEET) VERT. VERT. | HAXIHUM ALLOWABLE HORIZONTAL smcmc
"EET} | SPACING |UP TO | UP TO( UP TO|UP TO |UP TO[SPACING| SIZE [spacing (FEET)
{FEET) 4 6 9 12 15 (FEET) | (IM) | ‘rrepry| CLOSE 2 3 4 6
g : T3%12
. P TO N |axs |axs  [exs | oxc s | sxs 5 AXB 4X12
v TO NE . .
-0 8 4%6 4X6  [AX6 6x6 3 {3 5 ax8 s xs 4XB
ur TO -
9 10 4x6 4X6  |6%6 6X6 Hxa 5 ax10 5 4%
Sea .
Hote |
e -TQ | . .
a © & 1 8x6 6X6 {6X6 6X8 6X8 5 8X8. 5 3%6 4%10
UP TQ |k ) ’
— -8 3¢ 6X8 [6x8 8x8 8xa 5 10x10 - 5 X6 4x10
K . up  TO |
5 1o 6X8 &xs |axa axs 8xa 5 tox12 5 -1 %8 4x1o
Ser i S
Noce !
P TO |.1. ' '
3 6 6%¥B - | 6x3 |sxa 6X8 axa 5 ax1o s 4X5
up  T0 | R - .
.y .'B 6X8 6XB {6X8 8x8 8xa 5 lax12 5 4X6
UP TO L - B
3 ] 8x8 ax%s |sxs Bx8 axa 5 12x12 5 4%6
See, . o R
Hace 1
/ER
0 SEE HOTE 1

» Dauglas flr or equivalent with a bendlng strengch noc less chan 1500 psi,
Tak Hnnufncturcd memibers of eqilvalent screnpch mny he auhscicuted for .wood.

2-26
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TIHNER THENCH SHORING - HINTMuM TIMBER REOUIRTHENTS #

301 TYrE t “" = 00X H 72 par (2 fe, Surcharge)

NEPTH SIZE _(ShS) AND SPACING OF MEUNETG A ]
oF . CROSS ORACES _ : | WALES UFRIGITS . .
— i NIDTI OF TRENCY (FFET) | verT. -~ VERT. [MAXIMUM ALLOWANLE IORTZONTAL SPACING
(regry | STACING fue 10 | ur Tofur 1o Jup 1o o 1o SPACING [ SIZE [sPAcING (FEET) :
- (FEET) | 4 3 9 12 15 ) (PEETY | () §¢PEETY [crose | ] | { {
' T : ' '
s P 6X6 | 6X6 | 6X4 | 6X6 | 8x8 5 8x8 5 X6 ’
- o |exe | sxs | axe |sxa | axs 5 toxio | .5 1%6
UP  TOD " J o ’
10 o fX6 | X6 { axa { axa | axa 5 10X12 5 ] axs
See ' ' '
Nota | . - :
TR - _ ————
1o g 6Xa | 6xa | 6x8 | axa | axa 5 {1ox10 5 4X6
(U I R e ' ‘ ' :
0 8 8xa | axs | Bxs | sxs | axe 5 12x12 | 5 - 4X6 ’ '
» : - _ _
15 ) ote | )
See a1 - . . ’
Noce | -
wp oo ‘ o
5 _ 6 [BxB faxa | omxs yaxio [exin| s |ioxiz | 5 . 4X6
" ses
TO Noce | -
Sea | ' :
Noce | - -
20 Eﬁ
o¢a .
) ota 1 1
%Y | ser wor |

hending atrengch not lenms chan 1500 pei,

* Douglas flr ar aquivalent with a
toafrenpth may be aubncituced for wood.

** Mnnufacturmd momherx of veprlvn fen
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Arppix D To SUBPART P

Aluminum Hydraulic Shonng for
Trenches

{2} Scope. This appendix contains infor-
mation that can be used when aluminum
hydrawlic shoring is provided as a method
of protaction against cave-ins in trenches
that do not excged 20 feet (6.1m) in depth.
This appendix must be used when design of
the zluminum hydraulic’ protective system
cannot be performed In accordance witb.
§ 19268.652(eX2).

(b) Soil Clgssificalion. In order to u.se
data presented in this appendix, the s0il
t7pe or types In which the excavation is
‘made must first be datarmined using the
s0fl classifieation method set forth In appen-
dix A of subpart P of part 19286,

(c) Presentation of Informatiion. Informa-
tion Is presented in several forms as {ollows

(1) Imformation is presented in tabular

form in Tables D-1,1, D-1.2, D~1.3 and E~ -

1.4, Each table presents the maximum verti-
czl and horizontal spacings that may be
used with varjous zluminum member sizes
and various hydraulic crlinder sizes. Each
table containms data only for the particular
soil type In which the excavation or portion
of‘the excavation is made. Tables D~1,1 and
D-l.2 are for vertical shores [n Types A and
B:soil. Tables D-1.3 and D1.4 are for hori-
gan:a.l waler systems in Types B and € soil.

. “(..) Information concerning the basis of
the tabuiar dats and the limitations of the
data is presenced in pa.ra.zmph (d) o[ this
dppendix. -

(3) Information e:r:plzumn.g' th!: use of t.he
tabular data is presanted in para.g‘mph (e) of
this appendix. - -

(4) Information Mlustrating the use of the
tabular data Is nmcnt.ed In paragraph (1) of
this appendix.

(5) Miscellaneous notations (Iuotnobes) TE-
garding Table D-1.1 through D-1.4 are pre-
sentad in paragraph (g) of this appendix.

(63 Flgures, Hustrating typical Installa-
tions of hydraunlic shoring, are inciuded just

prior to the Tables. The illustrations page Is -
entitled *“Aluminum ° Hyd.muuc Shoring;

Typical Installations.”

(d) Basis and limitations of the data.

(1} Vertical shore rails and horizontal
wales are those that mest the Section Mod-
wlus requirements in the D-1 Tables, Alumi-
num roaterial {3 6061-T6 or material of
equivalent strength and properties.

(2} Hydrzulic cylinders specifications, ()
2-inch cylinders shall be a minimum 2-inch
inside diameter %ith a minimum safe work-
ing capacity of no less than 18.000 pounds
axial compre=sive load at maximum exten-
sion. Maximum extension is to include full

2-28

range af é‘flmder sxtansions is recommend-
ed by product manufaturar.
(i) 3-lnch erlinders shall be a minimum 3-

"inch inside dizmater with a sife working ca-

pacity af not less than 30.000 pounds axial
compressive load aL extensions as recom-
mended by preduct manufacturer.

(3) Limpitation of application.

(1) It is not Intended that the aluminum
hydraulle specification apply to every situa-
tion that may be experienced in the field.
These data were developed to apply to the
situations that are most commonly experi-
enced [o current trenching practice. Shoring
systems for use In situatiops that are not

caversd by the data in this appendix must

be otherwise des:.zned as specn.{ied in
§ 1926.652(c).
{iI) When any of the Iollnwf.ng' candltions

‘are presant, the members specified in the
Tables are not considered adequats. Io this

case, an alterpative aluminum hydraulic
shoring systam or other type of protective
system must be des:’sned in a.mordz.nce with
§ 1926.552.

{A) When v:rtim.l loads imnosed on cross

braces excesd a 100 Pound gravity load dis- -

tributed on a ane foot section of the center
of the hydraulic crlinder.

{B) When surcharge loads are present
from equipment we.xzhms in excess of 20, 000

pounds.

{C) When onlsr the lowar portion or a
trench is shored and the remaining portion

of the trench is sloped or benched uniess;
"The sloped portion isslo ped at an angle less

stesp than three horizontal ta one vertical:

or the members are seiected from the tables. .
‘for ude at a depth which Is determined from
‘the top of the averall trench, and nor. Irom g

the tog.of the sloped portion.

{e) Use of Tebles D-1.1, D-1.2, D—LJ and
D-14 The members of the shoring system
that are to be selected using this Informa-

_Hon are the hydraulic cylinders, and eitHer - -
the vertical shores or the horizontal wales.

‘When z waler systam Is used the vertical
timhear sheeting to be usad 4s also selegted
from these tables, The Tables D-1.1 and D-
L2 for vertical shores are used In Type A
and B sofls that do not require sheeting.
‘Type B soils that-may requite sheeting, and
Type C solls that always Tequire sheeting
are found in the horizontal wale Tables D~
1.3 and D-1.4. The soil type must first be de-
termined in accordanes with the soil classifi-
cation system described in appendix A to
subpart P of part 1826, Using the appropri-
ate table, the selection of the size and spza-
ing of the members is made. The selection is
based on the depth and width of the trench
where the members are to be installed. In
these tables the vertical spacing is heid con-
stant at four feet on ceater. The tables
show .the maximum horizontal spacing of
cylinders allowed [or each size of wale in

I BR-EREREERE R R R R R
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the waler system tables, and In the vertical
shore tabiles, the hydraulic cylinder horizon-
tal spacing is the same as the vertical shore
spacing. .

([} Ezcmple to Mustrote the Use of the
Tables: . )

(1) Example 1.

A trench dug in Type A soil is 6§ feet de2p
and 2 feat wide From Table D-1.1: Find ver-
tical shores and 2 inch diameter cylinders
spaced B Teet on centar (o. ..} horizontally
and 4.feat on center {(o.c.) vertically. (See
Figures 1 & 3 for typical installations.)

(2) Example

A trench is dug in Type B soil that does
not require sheeting, 13 feet deep and 5 feet
wide. From Table D-1.2: Find vertical shores
and 2 inch diameter cylinders spaced 6.5
feat o.c. horizontally and 4 feet o.c. vertical-
1y. -(See Figures 1 & 3 for typl::.l instaila-
tions.)

(3Y A trench is dug in Type B soil that
does not require sheeting, but does experi-
ence same minor raveling of the trench face.
. The trench is 16 fest deep and 9 fest wide.
From Table D-1.2: Find vertical shores and
2 inch diameter cylinder:(with special overs-.

-leeves as designated by feotnote #2) spaced ..
5.5 feat-o.c. horizontally and 4 feet o.c. verti-

‘cally, ply=ood (per footnote (g)T) to the D—
1 Table} should be used behind the shores.
(See Figures 2.& 3 for ty-plml installations.)
(4) Example 4: A trench is dug in previous-
1y ‘disturbed Type B soil, with characteris-
tics of -a. Type C.soil, and will require shest-

ing. The trench is 18 feat deep and 12 feet. .
Lmum section modulus of 0.40 inch. -

. wide. 8 foot horizontal spacing berween cyl-
inders is desired for working spate. From
Table D~1.3: Find horizontal wale with 2
section moduius of 14.0 spacad at 4 {e=t 0.C.
vertically and 3 inch diameter cylinder
spaced at 9 feet maximum o.c horizontally.
3x12 timber sheeting is required at close

spacing vertienlly. (See Fig'ure 4 for typical .

instzllation) : :

(3) E:.a.mple 5: A r.rench is duz in 'I‘y'pe C
soil, 9 feet de-p and 4 feet wide. Horizontal
cylinder spacing in excess of § feet is desired
for working space. From Table D-1.4: Find,
horizontal wale withh a section meodulus of
7.0 and 2 ineh dizmetar cylinders spaced at
6.5 feat o.c. horizontally. Or, find harizontal
wale with a. 14.0 section modulus and 3 inch

2-29

diametar crlinder spaced at 10 fest o.c. hori-
zontally. Both wales ares spaced 4 feet o.c.
vertically, 3% 12 tizber shezting is requirad
at close spacing vertically. (Se= Figure 4 {or
typical installation.}

" {g) Footnotes, cnd generwd mnotlzs, for
Tables D-1.1, D-1.2, D-1.3, and D-1.4.

(1) For applications other. than those
listed in the tahles, refer to § 1926.652(cX2)
for use of manufacturer’s tabulated data.
For trench depths in excess of 20 fe=t, refer
to § 1926.652(cX2) and § 1926.652(¢X(3)

" (2) 2 inch diameter cylinders, .at this

" width. shall have structural steel . tube

(3.5%3.5%0.1875) oversleeves, or structural
oversieeves of manufpcturer's specification,
extending the full, callapsed length. ‘

(3) Eydraulic cylinders capacities. (1) 2
inch cylinders shall be a minimum 2-inch
Inside diameter with 2 sife working capacity
of not less than 18,000 pounds axial com-
pressive lozd at mazimum extension. Maxi-
mum extension Is to include full range of
cylinder extensions as recommendsd by,
product manufacturer, ;
"(ii} 3-inch cylinders shall be 3 minimum 3-

‘inch inside diameter with a.safe work capac-
ity of not less than 30,000 pounds axial com-
-'pre:swe load 2t maximum extension. Maxi-

muz extension is.to include full range of
eylinder . extensions 'as recommended by

'-pmduc: maoufacturer.
. (4) All. spacing . indicated is- measured

CEnEE" to center.
(5} Vertical shorine rails shall ha.ve a min-

(§) When vertical shoras are used. there
must be a minimum of three shores spacgd
equally, horizontally, in a groun:

{7) Plywood shall be 1.125 in. thick
soft=ood or 0.75 inch. thick, 14 ply..arctic
white birch (Finland form}. Please note thal.
plywood Is nDot. iptended as a structural
member, but only for prevention .of local

' raveling (sloughing of the trench face) be-

twe=n shores.

(8) Se= a.upendi: C for timber specifica-
tions. p
(9) Wales are calculated for simple.span
conditions.

{10) See appendix D, item (d). for be.sxs :
and limitations of the data. .
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ALUMINUM HYDRAULIC SHEORING

TYPICAL INSTALLATIONS
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TABLED- 1.1
ALUMINUM HYDRAULIC SHORING
VERTICAL SHORES
FOR SOIL TYPE A
HYDRAULIC CYLINDERS
WIDTH OF TRENCH (FEET)

DEPTH MAXIMUM MAXIMUM .

OF HORIZONTAL VERTICAL _ _

TRENCYH SPACING .SPACING UPTOS . OVERZUP OVER 12 UP
TO 12 TO 15

(FEET) (FEET) (FEET) :
OVER '

5
UPTO 8

10
OVER

10 8 4 2 INCH 2 INCH 1 INCH
UP TO DIAMETER DIAMETER DIAMETER

5 o NOTE(2)
OVER

15 7
UPTO

20

" OVER20 NOTE (1)

Foornates to tables, arid general notes on hydrauiic shoring,

Note (1): See Appendix D, ltem (g} ()
Note (2): See Appendix D, ltem (2) (2)

231

are found in Appendix D, Item {g)

L
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TABLED-12
ALUMINUM HYDRAULIC SHORING
VERTICAL SHORES
FOR SOIL TYPE B
- HYDRAULIC CYLINDERS
- - WIDTH OF TRENCH (FEET)

~EPTH MAXIMUM MAXIMUM —

" OF HORIZONTAL VERTICAL . = . ,
TRENCH SPACING SPACING UPTOS OVER 8 UP OVER 12 UP
S ' : TO 12 TO1S -

_ EET) (FEET) (FEET)
OVER
5
IP TO 8
10
WVER _ -
10 6.5 4 2 INCH 2 INCH 3 INCH

UPTO DIAMETER DIAMETER DIAMETER

15 o : NOTE (2) ,

OVER ' '

15 5.5
PTO
20
- 'ER 20 NOTE (1)

'es 1o tables, and general notes on hydraulic shoring, are found in Appendix D, ltem (g)
3 See Appendix D, ltem (g) {1}
(2): See Appendix D, ltem (g) (2)
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TABLED- 1.3
ALUMINUM HYDRAULIC SHORING
WALER SYSTEMS
FOR SOIL TYPE B
WALES HYDRAULIC CYLINDERS TIMBER UPRIGHTS
MAK HORIZ.SPACING
: WIDTH OF TRENCH (FEET)
DEPTH _ : - . (ON CENTER)
OF VERTICAL | SECTION . :
TRENCH SPACING. IMODULUS UPTOS OVER 8 UPTO 12 [OVER 12 UP TOI3 [soLD| 2 FT.| 3 FT.
S HORIZ. |CYLINDER| HORZ. |CYLINDER| HORiz. |cyLinper|STEET]
(FEET) {FEET) (IN') | SPACING [DIAMETER| SPACING |[DIAMETER| SPACING [DIAMETER] . -
. _ ZIN '
35 8.0 2IN 8.0 NOTED) 8.0 JIN
OVER - S A
5 4
7.0 9, 2IN ) 9.0 3N | — ] — | 312
UPTO 0.0 90 | NOTE()
10 14.0 12.0 3IN 12,0 3IN | 120 TN
: 6.0 2IN 6.0 21N 6.0 JIN
- . OVER y 335 ‘ . NOTE(2) .
10 4 7.0 8.0 3N 8.0 1IN 2.0 N | R
UP TO . . : —— : :
13 14.0 10.0 1IN 10.0 AN |, 100 3N
- - 2 IN
. OVER .. L 3d 3.3 2IN [ -55 |NOTE(@)| 3.5 1IN
{5 ' U
6.0 3x12
UPTO 4 7.0 6.0 3IN 6.0 3IN 3IN |
20 14.0 90 | 3IN 9.0 3IN 9.0 3IN
OVER 20 NOTE (1)

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Itcm {g)

Notes (1): See Appendix D, item (g) (1)

Nates (2): See Appendix D, Item (g} (2)
* Consult product mnnufnmun:r and/or qualificd cngmccr for Section Modulus of available wales,
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TABLED - 1.4
ALUMINUM HYDRAULIC SHORING
WALER SYSTEMS
FOR SOIL TYPE C
WALES | HYDRAULIC CYLINDERS TIMBER UPRIGITS
- MAX.HORIZ SPACING
DEPTIL . . WIDTH OF TRENCH (FEET) (ON Corns
OF : : ' : .
TRENCH N TICAL et UPTO 8 OVER 8 UPTO 12 JOVER 12UP TO I5 {soLip 2FT.| 3FT.
HORIZ, |CYLINDER( HORIZ. [CYLINDER| HORZ. |CYLinpem|SHEET]
(FEET) (FEET) |. (INY) SPACING [DIAMETER|-SPACING DIAMETER| SPACING {DIAMETER .
N ZIN
OVER . 15 6.0 2 60 INOTE(| 6.0 JIN
7IN : :
5 4 .
_ 7.0 6. 2N |- g 5 —_—
urro 5 6.5 |NOTE(D) 65‘ 3IN_|3x12| - _
10 140 | 100 3IN 10.0 3IN 10,0 3N
21N
‘; 4, 2 , R
OVER .- 3.5 g IN 40. INOTE(m)| 4.0 3IN
10 4 . K} 30 (R S
UPTO s 7.0 5.5 3IN 5.5 3IN 55 | am |
15 G 14.0 8.0 JIN 8.0 3IN 8.0 3IN
21N '
. OVER . 1.5 1.5 2IN 15 |NOTE 3.5 3IN
15 5
oo 1 4 |70 5.0 3IN 5.0 3IN ;0 IIN | 3x12
20 4 6.0 AN | 60 3IN 6.0 3IN
OVER 20 | " NOTE(I)

Foatnotes to 1abies, and genceral nates on hydraulic shoring, are found in Appendix D, lem ()
Notez (I): See Appendix D, item {ey (N

Notes (2): See Appendix D, ltem (g) (2) .
* Consult product manufacturer and/or qualified engineer for Section Modulus of available wales,
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// .

FIGURE 4.TRENCH SHIELDS

2-36

DWW T E W AR W W W OE M oW owm ow |



Section 2

APPENDIY I TO SUBPART D_SerzcTIoN OF PROTECTIVE SYsSTEMS

of the requirements contzined in subpart P
vcavations more than

or in accordance with

The following {igures are 2 graphic summary
for excavations 20 feet or less in depth. Protective sysiems foruseine

20 {est in depth musd be designed by & registerad nrofessional engine
g 1926552 (b) and {(c) :

Is the excavatlon moTe
than 5 feet in depcth?

TFQ r Is the excavation

Is there potential NO
entirely in stable rock?

for cave—in?

Excavation may- be

- =¥ YES
made with :
vertical sideas.

NO

YES Exgavation smust be NN

" sloped, shored, or

shielded.
Sloping \ Shoring or shielding
Y selacted, ' selacted.
r Ga to Figure 2 : Go to Figure 3 j

FIGURE 1 - PRELIMINARY DECISIONS
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Sioping selecced as che
mechod of procaccion

vith

Will soil cglassificacion
be mada in accordance

31926.652 (b)?

NO

Excavation must comply with .

one of the following three
options:

Option 1:
$1926.652 (b)(2) which

requires Appendices A
and B to be followed

Option 2:

31926.652 (b)(3) which
requires ocher tabulatad
data {see definicicn) o
be followed.

Optienm 3:
$1926.652 (b)(4) which
requires the excavation
to be -designed by =z
registeraed profassional
engineer,

2-38

Excavations must cawmply
with§1926.652 (b)(1} which
requires a slope of 1%H:1lV
(34°). '

FIGURE 2 - SLOPING OPTI_DNS
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Shoring or shielding selected

- Sail classification is required
when shoring or shielding is used.
The excavation must comply with
one of the following four options:

Option 1

$1926.652(c)(i) which required
Appendices A and C to be followed
(e.g. timber shoring).

Option 2

$1926.652(c)(2) which requires
manufacturers data to be followed
(e.g. hydraulic shoring, trench
jacks, air shores, shields).

Option 3

$1926.652(c)(3) which requires
tabulated data (see definition)
to be followed (e.g. any sysiem
as per the tabulated data).

Ogption 4 -
$1926.652(c)(4) which requires
the excavation to be designed
by a registered professional
engineer (e.g. any designed
system).

FIGURE 3 - SHORING AND SHIEL.DING OPTIONS .
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